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(57) Abstract 

A dispersion compensation control device used in an ultrahigh- 
speed optical communication system using optical time division 
multiplexing comprises a first specific frequency component detector (2a) 
for detecting a first specific frequency component in a baseband spectrum 
of a tranmitted light signal inputted into the receiving side via a 
transmission fiber serving as a transmission line (6a), a first intensity 
detector (3a) for acquiring information on the intensity of the detected first 
specific frequency component detected, and a polarization mode dispersion 
controller (220a) for controlling the polarization mode dispersion of the 
transmission line (6a) so that the acquired intensity of the first specific 
frequency component may be maximum. Thus, the polarization mode 
dispersion that has occurred in a high-speed light signal can readily be 
detected and compensated for. 




2200 



I 



7a POIARIZATION KOOE DISPERSION COMPBHSATOR 

A ... RECEIVING SIDE 
220a ... POLARISATION HODE DISPERSION CONTROLLER 
2a ... FIRST SPECIFIC FREQUENCY COMPONENT 

DETECTOR 
3a ... FIRST INTENSITY DETECTOR 
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3-117 5^ffll/^T<i&^-- K^S^C^Z)|^&B^<£•^f^j:9o 

ttz. r^Jtfcj -«Sfi^»c{i mE:^m ^M^t?>^ 

/cJ6{c, 1 0 G s 8 0 0 p s /nmn£c?){::i^L. 4 0 Gb/ 

sTiil/l 6 (Dm 5 0 p s /nmtmi<^l?>o 
10 ^6 6{C. 4 0 Gb/s7feB$:^iiJ^m (OTDMrOptical Time Divi 
sion Multiplexing ) ;5"tC{-*>{^ 1. Z mW^^y t ^ ^< (SM 
F :Single Mode Fiber) 5 0 k mfeiH^O^ftffiM h U5 
^^O^fig^^to zS^^tJ[M= 1 8. 6ps/nm/km. 

^>^m.m= 9 3 0 p s/nmO^{S;{)<^fli$nrV^'5o C:©(a6 6 fC;^ 
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15 (D^m^omiMti^i^Mmmi^ (PC:Polarization controller) ^Ik 

^?i«©^iKitr ^OXti 1 ti-lZ^r>Kmmt^1jm (J. H. Winters 
et al. , "Optical equalization of polarization dispersion" , SPIE Vo 
1. 1787 Multigigabit Fiber Communications, 1992, pp. 346-357) o 
20 (D^m^O^m^ i^M'^mm^t mm^W 7 7 ^ < (PMF rPolarizatlon 
Maintaining Fiber) t ^19: tt> m'0.Um^^mmt ^ :i ticx >0 . 

(T. Takahashi et al. , "Automatic compensation technique for timew 
ise fluctuating polarization mode dispersion in in-line amplifie 
25 r systems" , Electro. Lett. , vol. 30, no. 4. 1994, pp. 348-349) o 

(S)^ft-t©^(ti^{C, Wmm^t^ -d-^f-AT.^'J (PBS:P 



7 



wo 99/28723 



PCT/JP98«)5336 



olarization Beam Splitter) C Ote'^ t"- AXT^ 'j v^K^'O 2 o 

. m-mm^Rv^'^mmmm'^^unt ?>ijm aono et aL.-poiari 
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on Influence in Optical Transmission Systems'* , J. of Lightwave Tec 

hnol., vol. 12, no. 5, 1994, pp. 891-898 ) o 
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±m.l&m^r (p s) ;6<-^;i^>n. ^©fiSc^tiTfeT^yT-^-rJ' 1 3 5 
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^ 1 3 6 a {CTt^i|ii$nT7&>^>. TfeD EMUX (Demultiplex) 13 6b 
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/<£SJ:-9f-. iB^SE^J^fll 3. 4 (EI 7 3 #M) {-^jH^T^ 7 = 0. 5 
10 |S^$nTV^So Z.(Dmi 4<D (a) <h ft ^ tl^-c OTDMm-^ 

^Pt-^ mm ) CD»2PM^ 1 d BJiiTt L/cJ#^x PMorp^m (P 
UDmtl) ti 9 p s (h^jlSo la 7 4 O (b) t^^tlfz&imi. 
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(d) puDmmf'y<-( 7.(Dmm 



g 



wo 99/28723 



PCT/JP98rt)S336 
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rF(t-A t) +(i- r)F(t) 

15 h;UP (f ) (i. 'Jx^^i LT^ (11) ©J;9{c#^ 

{rF(t-A t) +(1- r)F(t) } •exp(iwt)dt r 
= 1 r JFCt-A r )exp(iwt)dt+(l- r ) X F(t)exp('i <ut)dt M 
= I 7 exp( i (oAt) S F(t)exp( i (o t)dt 
20 +(l-r) J'F(t)exp( i a)t)dt I ' 

= K(f) • I ;F(t)exp( i (yt)dt T -(11) 

c c-eit^j^iicK (f) (iJiiT©J;-5{cs$n'So ttz^ (0=2 Ttf 

K(f)= I rexp( i w A t) +(1- r) I ' 

25 = I 7 {cos(<y A 7- ) + i sin(£t) At)} +(1- 7 ) | " 

= 1-4 7 (1- 7 )sin' ( ;r f A T ) -(12) 
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(1 1) ^(cfcn^T> PMDtltSgfcMt-S/N'^y -rJ'C ^mmmA r 
fe<fcO'5fe§^JS^iKi:b7) «K (f) (D^K^tn. PMD^m\^^^^<D 
K-X^<> h'XK^ hJl \ ;F(t)exp(i wt)dt M i^^il$n-So J: o 
iii^M^f = f e (Hz) ^ Jl^m-ri'mihLX^m^iii-t^ 
5 ii^. itmUmA r iS^l/^^m^i^ttr iznt 6i^^miK (f e) 
T'^$nsciJc/j:^o L*>t>s 3fc&ff^<£-^-t-J5Si^F (t) izMLr 
(1 1) ^;<><^«9 35:oC K (f e) P M Dt^tH^^^tBT ^ -5 

10 0 7 5 (C 4 0 G b/ s NR Z;5"^{C*){:)-;5, r = 0. 5 OJi^© 2 0 

{ix ^is^X'^it^ (PD) <^fflC^T7fcm^<&Smft^{C^^L. 2 0 
GHz ©$IJ^^^< > K^N°7. -7 >f ( B P F ) T' 2 0 G H z ^^OiW^ 

^JfitULx /N'7-^-^-e^s^fcB-r^:;^S-e*'5o com? 5{c^t 

15 j^oiZs ^mmmA t = o p s xm:k^t'o. ^mmmA ztmi^t^ 
{cotir^{i>L. itmmmA t = 2 5 p s -vrntu^o 

Ki±<D^OiZPMD^mi!}<WL0:iZti?,m^itf e (Hz) m^^^it)< 

• R. I. Laming et al. , "A Dispersion Tunable Grating in a 10-Gb/s 
25 100-220-kiD-Step IndexFibe Link", IEEE Photon. Technol. Lett., v 
ol. 8, no. , pp. 428-430, 1996. (Chirped fiber grating©S$:S-[D]Oia^ 
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• M. M. Ohm et al. , "Tunable fiber grating dispersion using a pie 
zoelectric stack" , OFC 97 WJ3. (Chirped fiber gratingCDS$:^|S]© 

5 • K. Takiguchi et al. , "Planar Lightwave Circuit Optical Dispers 
ion Equalizer", IEEE Photon. Technol. . Lett. . vol. 6, no. 1, pp. 86-88 

(PLC -^m^mmm^) 

• A. Sano et al. , "Automatic dispersion equalization by monitori 
ng extracted-clockpower level In a 40-Gbit/s, 200-km transmission 

10 line" ECOC 96 TuD. 3. 5(iE L < {im®^tJ:ffl^W-r -5 7 r ^ 

• G. Ishikawa and H. Ooi, "Demonstration of automatic dispersion 
equalization in 4 0-Gbit/s 0 T D M transmission. " ECOC 98 WdCO 

15 6. (1998 ^9 ^23B^^) 

fX\h. Silk ^^§:^miy-^^m^^tL4 0 Gbit/sgfti^fc^ 

m.) 

' M. Tomizawa et al. , "Automatic Dispersion Equalization for Ins 
20 tailing High-SpeedOptical Transmission Systems", J. Lightwave Te 
chnol. , vol. 16, no. 2, pp. 184-191. 

• H. Ooi, Y. Akiyama, G. Ishikawa, "Automatic polarization-mode di 
spersion compensation in 40-Gbit/s transmission" iUM) > OFC 99 

25 JCiS^o (40 Gb/s NRZ;5'^{Cfcl^T^ §{t^{C-(iiS$iJ'^fg (PC: 
Polarization Conroller) tii'&^Jt 7 r ^ ^<(PMF: Polarization Mai 
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ntaining Fiber) ?C^mmt^Zi:l:\ Bm^tliM^^OM 

• J. H. Winters et al. , "Optical equalization of polarization di 
spersion". SPIE Vol.1787 Multigigabit Fiber Communications, 1992 

5 pp. 346-357. (mmm^mmmmm^m\ B:M'^^^^m^^(hy^ - 

• T. Takahashi et al. , "Automatic compensation technique for tini 
ewise fluctuating polarization mode dispersion in in-line amplif 
ier systems", Electron. Lett, vol. 30, no. 4, 1994. pp. 348-349. (^{f 

10 m^mmm^ (po tmw.0kwy t ^< (pmf) =^m^\ pc^ 
mt^zti:\ &m^timw^ommm^^A.6i^m) o i ocb 

• T. Ono et al. , "Polarization Control Method for Suppressing Po 
15 larization Mode Dispersion Influence in Optical Transmission Sys 

terns", J. Lightwave Technol. , vol. 12, no. 5, 1994, pp. 891-898. 
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012 (a) -Ell 2 ( j ) {iU-rnfes PUDx-i ^U-^KJ^i) 

ytmmm^ r ^^mit^-itr^^.tzi^^o^in^'co'^ititz 1 0 g b/ 

15 s NRZ&J^^^-riaT-abSo 

Ell 4 (a) Rv^mi 4 (b) ii^M'ti. ii^mytinmz^i: ^Mik 

K^t^:S©^tt5::&^*^-o\,^TI^&B^t•§^c^6£DE|-e*)'5o 
20 EI 1 5 {i^^^§iJ^filSIiS®!ifiK<£-^tElT'^ So 

Ell 6 (a) ~Eii 6 (c) (ii.^-rnfe> OT Dumm^omi'^mm 
nmmmmmM.^^u^fzytB:miy:^7'A<Dm^^^f:fi^ y^mr-^ 

25 So 

1 8 
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m 2 0 li^m^Mom 1 mmmmom 2 mmmi^Jb^7f)^^^mmm\mm 

n 2 2 {i*^Bj0^ 1 mmmm<Dm 3 ^?^^J{c;&^;{)^5^t^:^iWJal^ 
10 13 2 ^^i:^¥^momlmmmm(Dm4mmici)^y!)^6^^mmmw^ 

111 2 4 (i*^B^O^ 1 mmmm(D^ 5 »^^J^C;&^;i)^5^|^[M»mg 

SI 2 5 (a) -ID 2 5 (c) li^^-rtihmm&mMitmm^izx^y 
El 2 6 (a) -112 6 (g) {iof-'nfc. ^nwmmmmM.K:^i^ 

20 EI 2 8 «2|s:i^B^o^ 1 mmmmom 7 ^ff^^?lJ{c*^;^>^5^i[^i«$lJ^^ps 

EI 3 0 it:^^B^<Dm 1 mmmm<Df^ 9 

EI 3 1 (a) &0'EI3 1 (b) it^n^'ti. K^tJcMHT- 

1 g 
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034 (a)~0 34(c) {i^,^•rnt). *^B^CD^ 2 

03 8 {i7^^B^O||2||Jfeff^Sg{C*>*N5 PMOM^t^H^-r-Sfcto© 

fife© ^jia 7 p - f- 1' - h * s o 

0 4 1 it^mmom2nmmm(Dm immu^ii^^^6i^7.7^i^mmm 

0 P M D liM$lJISl^S;&^iiffl $ tl -5 Ttfe^l V/ X f - ©:ilfiX o y 

20 ^0-e*So 

04 2 {4PMD»;/j<&SiJ^-r5:^*^!JSB^-t'50-e*>§o 

0 4 3 {i:*^B^om 2 mmmmom 4 «^?ij{c;6^;6n§ p mdmm© 

P M F ^ ffi I, ^ y-c P M D Mm$im^S!6<iiffl $ tl S ^feil i/ X X CD<i^ 

25 0 4 4 (a) a. yS (CjCf-T > Kft-t^'O 2 0 G H z 

fi!c:^§iiS<&^1-0t?*)So 

2 0 
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1345 (a) tia, i8 {C>C^-t -SSM^- > Kft-^"*© 2 0 G H z 

5 |g|4 5 (b) «a, iSJCjf^t-S^ft'^-X^^V K^^^i^^ftM^® 

T ^ r?g PS^^^g|-e* So 
EI 4 6 (a) (ia. /S {C^-T S^ii^-;=^^^ > K^-t^^cD 2 0 G H z 

1214 6 (b) /3{::)i^t-§^ft'<-X/<> K^-^4'OSm2feJf^® 

10 T^ma&^^irmx^^o 

^4 7 (a) tia, yS > Kit-^^^O 2 0 G H z 

E!4 7 (b) «a. ySlc^-rS^lf^-X^O Km^^JO^Iii^ff^® 

ma m^Tjk'tmr-^^o 

15 EI 4 8 (a) li4 0 Gb/s NRZ{i-^^ffll/^T<5iil^^f^d:^^ci:^ 

©fei^i?SPMD^2 0 GH zj^ii^^mmiw-i^m^^-tmx'^^o 

1114 8 (b) {i4 0 Gb X sNRZm^^^m^'^rBm^nU'otit^ 

12149 (a) ti40Gb/^s O T D M^g-t^ffl ^-^Tfeit^^f ^i: ^ /-c i 
20 ^0<KiilSSPMD>Ft 2 0 GH zfig^^JK©ft-»^iS^^^-^ia'^-*So 

III49 (b) {i40Gb/s O T DUm^^m^^XB^^^n^^ t: t 

S5 0 (a) itmmm^Tz ib<m^b(Dm^(oBiM^PMDi(^T-(mo 

25 S5 0 (b) liig$i«ATc ^<S;^(Dit^cD{Eill£§ P M D5>f T -f T^P 

2 1 
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5 Hi 5 4 {i*^B«®||3||liJgS{C;{)^;&^S3fe&i^'>Xf■AcD1ifi5c^^f■ 
m 5 5 Ro'Ei 5 6 it^n^'ti. 3 mmmmom 1 ^ff^Fijtc 

10 CD^P y i?12lT-^5o 

115 8 {i*liB^©^3m^feff^SI©m2^3gfyiC;6^;6^§•/D.y^l|■^;•^) 

15 me 0 {i*^B^©^3^jgJ^SI©^4^Jg^ij(C;6N;<)N5^icffi^S§iJtI^ 

m 6 1 ii-^mnom 3 mmmmo^ 5 ^J^^Jtc;5^;i»^s^aiiv/xxA 

1216 2 {i^^B^CDH 4||^gff^Si{C;^)^*^§^aii'>Xf•ACD:/D «y iJ' H 
20 T^So 

(Dfa y^mv&^o 
1116 4 «*^B^©^4^»^i©m2Eff^^y{C;()^;i)^<57fe^iiii/X■rA 

25 me 5 {i(ife©g@fiM{|ii©«^^-ril-e*-So 

0 Gb/ si/tm^m^M:lj^iZi5ii^s 1. 3/^mSMF 
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5 0 km&m'^o^nw h ]y^y:^<Dmmmm^.(Dm^=^^tmx'ib 
me um^ e omm^.■z'(DnmmmcD^^W:^7^^tm^c&^o 

g]68(i40Gb/s 0 T DUm^O^W^MicMt 6 4 0 G H z fiJc^ 

06 9 (iDs F 1 0 okmBmi^omm^omm^Tntm'c^^o 

ST 1 (a) {^4 0 Gb/s NRZm-t (a = - 0. 7) O^WiMi^ 

10 S) <Jr^-f SI-e*.i)o 

mil (b) (i-SS- 3 5 ~+ 6 5 "C-ei^jb^-ii/cc!: S F 1 0 

mi 2 (a) {i4 0 Gb/s NRZ^i^ (a = + 0. l)Ot^<Di/ 

15 mi 2 (b)(i40Gb/sRZ fg^ ( a = 0 , Duty =5 0 %) CD <h 

117 3 {i4 0 Gb/sfi^{C*f-r§PMD{Cj;-5feillMff^S^>f[:^li« 

-5 0||®^3^^^ tUlT-*) -S o 

1117 4 (i4 0 Gb/s OTDUm^^&.^J^NRZismzM't^^mmm 
20 At lC^•r5/^•7-^t^^7^'^ MHi^OMm^&^tHlT^^o 

117 5 (i4 0 Gb/s NRZ:^^^{Cfc^t'5^ r = 0. 5©Jf^c7)2 0 
G H z fiX^S^gcD A r fe??t4^^t-^itilS^^/T^-rilItrab -So 

^ ^ Hm-r -5 i6 © «m CD 
25 (A) *^B^CDS*^^{Col.^T©|JfeBJ 

(A 1) ^1 ©S*7n {-o^.^TCD;|ifigcDi^SBg 

2 3 
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(ill? ati. 9iW^^Um^m.2 5 1 a^^b©*^i«i^t^^^{:^•T^ feisl 

10 <t<h^5{C. -ecD^^iJ^M^fCjei^T^-^t- K^t{cffi«§l2 5 1 a^$ij 
a. -liig*- K^tfe^r^SB 2 2 0 a<&-?•n£^T1ifi!c$tLT^,^-5o 

ttJSl5 3 a«> C©mi#^Ji«^:^^^{±Jg|5 2 a (CT^th$nfc±iail 
l#^)i•&l^5fi^5>O^Sf::-^l^T©t»fg<&^fcli■r-5fe©T-*5o 

K^M'#g|5 2 2 0 ati. ^ 1 #^j|IiS^fi!c^^tlJSU 2 a T'^ 
ttJ$ n/-cm 1 #^/iS[|fcfiSc^©^S*<M:*:<i: 4' 5 <i; -5 &iil?Soii^^ 
25 K5Jt![«^$iJ1^-r^fc©-e*>'5o 



wo 99/28723 



PCT/JP98/05336 



^ Hi X X «y ^T-^ ^ n ^ 1 i ^j: ^ J; 9 

(A 2) H 2 ©S*:^n >y :^{col>T©1is5cOiJfeB^ 
15 m 2 (i*^B^O^W«*JtP^g©m 2 OS*^D y ^ (Dm^=^^^t 

mmm2 O e a. -IliS^*- K^tfclimST a<h. :^tfcMm'JaJSg 2 5 
1 b i n£x,T«fi)c$nTl<^^o C C T\ 6 a (i^ 7^7 T'1'^< 

{iiigST'*«3> ^^^n^m^ 2 0 6 a(i^ i^tfcMH^iJ^^fi 2 5 1 b 

t5fe®T*«9. tfz. m^^-h'^mmm^i ait. ^^mmmm^ 

25 feiig§6 a<£-{Ei^^-5^m-^{C:iL;/-c-/$S5>t^cS.C/^i-/$*- K^t{[©i^ 

Si<£-^:^^1-s<t<t ^>(c, ^o^^i5'i|gm{cjsi;rzfeS^tlcM{«l5 2 o 

2 5 
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^Z^HjfiJc^^JligP 2 a . m 1 ^it^tbSIJ 3 a . K^fj^mSP 2 

2 0 a, ll2#^ji?g^|Jrfij$^^ttlg(5 2 2 2 a. ^2^m^iii^ 2 2 3 a, 

i-rSo ti!£^T. *^fi^{C;6^^§^tlcM^I*lJ«|li^a2 5 1 b tt. 
10 CCT% mi#^ji^liCfilc^^l±}a5 2 ali. 6 a t LT©^^it 

Hi0 3 a«> COmi1^^)^^a[lllir5g^«^tbgg2 & iZTi^tii-^tlti±tm 

15 Mz^t- K5}»J®g|5 2 2 0 a(i> ^ 1 ^a^ttJlHJ 3 a -eJ^tB^nfcH 

^tJ[«<&*iJ«|I-rSfc0T'*5o ^LT. ^2#^Ji?S^I!^fi5c5^;^mSI5 2 2 

M^^^altSfc©t?ab<9^ m2^jS[^tli^ 2 2 3 a ii. C©^2# 
20 ^ii^ii[fie^^ttlia5 2 2 2 a {CT^tb^nfc±IEm2#^ji&|^glc^O 

4 a(i. m2?tg^tilSI5 2 2 3 a -^-^tb^ tlfc^ 2 #^jiMfi^^©^ 
itfife^^ajSU 2 a;&^ ^ l#^)§lifellicfiR^i LT. f«y h U- h© 1/ 

2 6 
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y:ft. m 2 #^jg^^i5[fi£^«l Hi X 7^ -y -^^tc T^di $ n^±iHm 2 #S 
15 ^2 -y >^T;^ai$ny-c^ 2 #^J^i&iJ:^^0?^S*<<l;^X 

(A3) II 3 OS*7'a 'y (CO\,^TO^g5c©IJfeB^ 

^i{if^ 2 0 6 a. m^^-i'^^wiimmmi at. 5 
■fKiiigST'*.^). i^s^iJ[^i«S 2 0 6 ati. ^nmmum^m.2 5 1 c 



z 7 
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i^^fijc^jj^aigp 2 a, mi ^mmmm 3 a . K^^tsismsu 2 2 

15 h;u4'©lli#^J^-Mfi)c^<&^ai^^^>0-ecb?9. mi^S;^ 

tt}^3 alt. C©^l#^jii^|JcfiSc^^tB§R2 a{CT:^tfi$tl/-c±IH^ 
l^^^Ji^&l^fi5t^©5S^{Col^TOttfg^^l±i-rSfc©T-*'5o 

m-m^- \^'^nmm^2 2 o ait. mi^mmi^i^^ ax^m-^ntz^ 

20 ii^WLm^umt^^(Dx^<o. m&i>^nm^2 2 4 at*, mi^mm 
aisps axmiii-^nfzmii^^^-mmj^^(D^m^<mi^xitm'i^tfi^ 

* fz. ±t^B:m^mm)< r z ^feft^x it^^^m^ mimx$> ^ 

'm\i^^mW.Wi^^^^^2 aijK ^l#^Ji«IJtfiK^iLT. 

25 t"-y h U- hX{ih"7 h U- h© 1/2 (cffl^-r'SiiMilf^i^tiJ^-g)i 

2 8 
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L S?S^Mtaig|3 2 0 6 a ^ 1 ^^^ttiSR 3 a T^tii $ n 

5 4'(ciS;{j-'a>nfc^g[^^i{cMM^ 2 0 6 a {C^ LT^^^MJ®ji<&iS^ 
1-SJ;9(c^^$nTfcJ:< > ^ 1 §^a?1^aiSU 3 a {CT^tli$ti/::±f2 

TfcJ;l^o ^btc. ^l^jK^aiSBS aT'^j±}$tl/cm l<lt^ii2fi^t^filc 
^i(li{Ii5 2 0 6 a^7>f - K^-^'y i:^SiJi]-r'5J:9{c«gc$tlTfc<i:i.^ 

15 

^iJ' h;U4>©^ i#^J^?Si^c^^^t^til-r^^ i#^JiMllffi5c^^tbx 
20 ^J§l^g^llJ^5^®5^S{col^T0ttil^«ttbt5Bl StS^ttlXxy 

5o 
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(A 4 ) mm^e- K^i^r{co^,^TCDi^&BJ 

*f-\ m^&'e- K^t!($iJ» 2 2 0 a «x ^ l^S^ttiSRS a-e^^fcb 

o 

^bJC. :»t5[M$im^g2 5 1 a (Xii2 5 1 bs!cl-^«2 5 1c) 
mm 2 2 0 a*^ ii1t0B:m^^^=^mm,t^^^mizisiir?>^-7.^< 



3 0 
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■^^th;^t^-:^s ^ 1 ©^&^-- K^ti[ffi{t^J;<9 fcm^«rEg$n 
/cm2©^-Mt- K^titM^t^icJ^LT^ ±IB2o©iijS€:- KfBl©jl 

@*^ift^-r^/::to©ll 2 ©/<7 ^ -^^^mft-t^ai;^^'5 ct ^ 

3 1 
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3 ^^^<h(D±m^ i<i^mmm^^<o^mz-^tn^±mi&mmm^^ 

-eUT. K^i[$iJW 2 2 0 a*^ mi^SJ^tBSPS aT^^ 

^LT, ^m^mm^izx-ox^M-i^'e- \^^f^^mizmmm^^^fzm 
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SP;ii:. -(iii^^-- K^MItlP^ 2 2 0 a ^i^fe$l]^SP^rt © 1 / 4 zfe 

^^7^«^ 9 t i *>ic. ^4^J®^- K®^{c, ^<9©*JtP^^°^> -^5^©— 
;5•^ml1t^ii^!a[ifefiK^©5iS*^Jt:^t-^c}:9{-^^l:$■li^^ -€-<DP^. S 



3 3 
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5 

ttz, \>'^nm^ 2 2 0 a;&^ S;^fPg<S&*- K^tJ:a 

1/2 {cffi^-rSj§&l^fiSc^©^S;6^'1i;^<i:n£-5J:-5{c. feiiSS 6 a* 
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5 ^- K^tJ[»0 2^©;^^ oil <!:LT^a^n-5±i5gffl£lT©M 
(C1S^LT*J< CifcT-^s c:©<i&^-- K^t!t$ir« 2 2 0 at<. v 

^yfi&miz:^^^ 7.y<y Kx^^ MU^JOii&iigfe^oSiS^^t- 
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10 (A 5) ■&fi^Mj«>^^{Col>TOU&0J 

2 2 4 a ^2 §i«:^tilg|5 2 2 3 a T'^^Hi $ tl^^ 
15 Wantzm§:^nmm^2 O e a{C)t*LTMg^tJc$lJ^a*^lS^1-5 

j:9{c^i^$tLTt>j;i,^o tfz-^i^K. mM:^mmm 2 2 4 a;6^ m 

2 §i«<^|±lg|5 2 2 3 a {CT^^tiH $n/i±iB^ 2 #^ll•Mfi5c5>©5IS*^ 

20 ^B$n/i±fB^s^t^[a{cao'l^T. ±iafei^^fi^©^s^tj[^-Mm 

^LT. 1&&^WLmM 2 2 4 a*^ Il2^«^tb^2 2 3 aXi^\ii 
25 6 a4'{c^{t bn/::zSS5>fcffiiIl5 2 0 6 a^7^ - >y ^ Simf -5 

3 6 



wo 99/28723 



PCT/JP98/0S336 



f3©{i^^ - h'n^nm xfyzft mm^m\m xf-yft i!)<mjfim 
(A 6) ■€■©^ife©#^^ti{co^,^T©l^SH^ 

*|gBjO:^tS[li{t©J^^g 2 5 1 a (X«2 5 1 bDcV^fi 2 5 1 c) 
10 ^l#^iiii^l^fi!c^^dtigK2 a(CT^tB$n/-c±IBmi#S)iMII5c 

^^uA.Tm^^nThJ::<. tit. ^WLmmmm^m2 5 1 a cxt* 

2 5 1 hm^^ii2 5 1c) ^cfcH^•r. H 1 ^jft^iaiiaJ 3 a*^ mthttz 

m t<Dmyj(DMm^mL. ii^nmmmmm2 5 1 at*, rmm^e- 
2 5 1 bRtf^mmmmmmm 2 5 1 c ti. rm-i^^e- k^ijc • i^g^ 
(B) ^mmomimmmmomM 

C©0 4 (C^-r7lcfeiil'>X7^ZK 1 0{i> l^^iij^fi (TDM: Time D 
25 ivision Multiplexing) :^5t:^f;ijffl Lfc^iiiiSSB (b/ s ) (.m^ii 
4 0Gb/s. 1 0 G b/ s^) OTfeaiti/XxA-Cr^-So 

3 7 
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^^M^Q f^^t^o zom^e- h'^nscmm^A ^SI5*^^> 

15 {tg§4*$iJ^tSfc©T*«9. ^pfe^l 1, K/<X7^ yUrJ' (fe 
BPF) 12, ^E^I±i^l3, <i&^- K^M^S|g|5 9 0^-en£^ 

^Kiii^ z'&ift-L x^mm KAt}^ti?> Bm^^mz - x > k 

25 X^^' h;l/cti0m l#«)i-^iJc^5> C f e (H z ) 6^5^] ^J^tb-T -5 

3 8 
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1 2 ti. ^ l#^Ji^gtifei LT. h U- h^C^g^f ^iifel^ (4 0 
5 GHz) ^^i^i^-t^^oi^m^-^nx^^^o i^iz^ OG 
b / s NR Z^m-^-Tib'Sli^tcti^ /<> K/<X7^ 1 2 ti. m 1 

LT> h U- hO 1 / 2 Kn^t^mm^ (5 GH 

25 ^ LT. /N'^y -iJ'I^^iagS 1 5 a. Mm^e- K5>t5:«^dia5 1 4 {c 

3 9 
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mwif^izii. 2o©iiSt^-- KF^oiiEa i^mmm) Av^M^t^o 
<DMmmmt<. ^m^mm 1 3 Kx^ih-^ntz^ 1 

Bmmt lX(DB:my 7-(^<'^^lX^mUzAt)^n^B: 

4 0 
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lasjc^tctotc. itmmmmADtmm^^yr-(^< (pmf :Poia 

rization Maintaining Fiber) 4 A - 4 i^Wt'-So 

^$iii^i5 4 Dfi. '(i-^^j#7T^^<4 A - 4 ©<iiSi|i;5"[S]{cA;^7t 
{t-tO<i?S^t»tSl^^t>-li-^ fio, ii^<^}#7T>f/<4 A- 4-e#x.5il 

15 6tz)6(Dh(Dl:&<0. m^i€m&^ CI / 2 fegiK ( A / 2 fe) 4 D - 
1 lRO'l/4]!SS^ (A/4;K) 4D-12] <!:. 7 iJ' f- :x i - rJ' 4 
D-13, 4D-14*>b^C0x i^ffl LTl^STfe^ r 'TvN'CSIit^fi 

ii&«^7 r-r^-^U A - 4 {i, il^:^-^-'^ 2 oOiS'/g^^- KfiSc^ 
H) ttromm^i. 2oCDii-&^-- KPhIOjUI^A ^^(CM■r§fe©-e 
25 oT^^jfli 7 {cA;'7$n^o ^LT> 7t$4i^Sls4 D(cfe^,^T> A;': 
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h^UctJC^llf^ii^fel^C^^ (f e CH z) f^^) ^mi^-^tl^o 
15 7t^^<4A-4) i LTCD«ii$iJfP {is ^$41^^114 DT-#;i§{iig 

m^=$:m\'^xm^fz^m=^m8 (a) -las (e) . 09, mi 0 ( 

20 a) . EI 1 0 (b) td^f o 

0 Gb/sTfefei^v^Xf-A 1 0 0 {i. TtBt^fiJ^S;^^ 
^^ffl-T'S 4 0 G b/ STfeiiif '>XxA^1i^L/ct>0-e*.-5o CO^t 

feii'>XT- A 1 0 0 tt. ^iumti 1 0 1 :sLt^±^mm 1 0 2 ibmi^m^ 

25 ^tJ[^-^^-5/ca6{C. ii-St*iJ'#^ (PC) 10 4Rc;miSOiiZ^*- K 
5>ti[x$ iU-^ (PMDxiil/-;J^) 10 5i}<^B:m^ 1 0 3 

4 2 
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zzT^mmmi o i u-ifij'VTt-- k cld) i o i a. 
1 0 ic«> ^mmmtr$>?>o ttz. ^mm^i o iB{i> u--tfij^>r 

^- K 1 0 1 A^^b07fc^ 4 0 G b/s ©^fe^^fij^m (OTDM) ^ 

mmcmmt^h(Dx-^^. zoitmm^i o i BttTtt. si stc 

10 *<ffl^.^t>ni►o 

El 1 5 iZ^t^Oi^^ Z(D0TDM^m^ 2 0 0 {i. 2 0 GH z^feX 
f-SU (1X2 switch) 201<!:. 20Gb/'s 202 
t> fi[ffi$iJt3llSI5 (Phase controller) 2 0 3 ^0m^ (Multiplexe 
r) 2 0 4 t^^f£A.rm^-^n-C\.>^o 2 0 GH ZTfeX-T >y 5^ 

15 g|5 2 0 Ui. 1 A;'j2ai:^©3feX-r yf■-e*<9^ 2 0 G b/ s ■r-rJ'^ 
ISg|i;2 0 2 {i. CO 2 0 GH z^feX-l' •yf-gP2 0 1 J:, IQ tltz 2 

(Two modulators) ^Mt^o ^ -(i^aij^gl? 2 0 3 (is C 
©2 0 G b/ s f-*-i5^|£ISg|5 2 0 2 ij-s^^fj-^tl^ 2 ^^iJO^ff^F^© 
20 ^iSOteffiM^^J^t-S t>©-e*) «9 . ?fe^«gf5 2 0 4 {i. 2 
0 3*>e.tll;'J^nS 2l^^iJ©3feft-t^^iSt'5^>OT-*'So ^A'fcs TfeX 

^ yf-^2 0 1, x-rJ'^ii^ 2 0 2. 7fe^mgi5 2 0 4 ;&>e,-en€nai 

;^$nS7fe» (Ell 5©®~(i)«!:#L/cMB»T«cfc{t'57fe?Sff^) ^> S 
16 (a) ~iai 6 (c) {c-enetl^-to Ctlb©EIl 6 (a) -EI 

25 16 (c) [t^n^'tis 0TY)y[^m^(om\'^um^m.mt^fz}i>(Dm 

-e*§o cn(Cc);l9> mi 5{c^^OTDM^IS^2 0 Qt^^^ti^n 
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^^{^(D^mj^ii.. mi G (c) izm^t^o 

^ HIS (a) ~EI8 (e) iz^to 

5 rnQKM^x. PMDx^ ii/-^ 1 0 5(i^ nmizimi iz^t^ 

r>iz^ ^mmco^m^^ i o 5 E©^iK^jc^i^t'-Ax-/y 1 0 

5 A^<, 1 0 5 EO^igg|5{C|ifet'-AX7''j y rJ' (PBS) 

1 0 5 Di)<^n^'ni&if i^tL^tthiz, ^mwim i o 5 e©-;5"<z)¥ 

1 0 5 F {C^-r ^ l/^ (^ilE^) 1 0 5 B *^ 1 
10 0 5 E(DmijOWrT%mmi 0 5 Gizytmm:^ CitT yf-:^^-^) 1 
0 5 C tl tliSl:t btlTV^ -So 

<sS[t'-Ax:/"U 1 0 5 A{c:J:«3 2 oO{iM^{C:^gi$ n^ 
¥fT7fe^-/SS§l 0 5 F^amt'S^M^JJCtt, Tfex^f Iz-f 1 0 5 B{C 

w-n^mm^i o 5 f. 10 5G©^^I^*^^L<1-s/■c!)6^ ¥^f^^ 

&K1 0 5 G*feSt-§^zS^fi5c^{i^««^l 0 5 C(CJ:«9 U<;U;6n'IS 
li$tL§o $ 1 0 5 F, 10 5 G^^^^tL^'tliHtl 

^n^MM^iii. {iigtt'-Ax:^'J >y if' 1 0 5 Dfcj; i^e^^i^So^ 
20 t^/^^nXiiitl^tl^o 

tti. Mi^mm^l 0 4 (i. PMDxi iU-^ 1 0 5<DAt}mizWc 
{tbtl^ PMDx$:xU'-^10 5 ©^zSe-Ax:/U y ^ (P B S :P 
olarization Beam Splitter ) 1 0 5 AiZiSi-^ ^^Mi&^^^O^^^ 

25 (DH-^^o 

C:©i;9{C. ■(ii^SfJtllsl 0 4&a'PMDi ^ i U-rJ' 1 0 5(cj;^), 

4 4 
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nmm 6 (cMoT. Tfesitm i o 2 i*. t^^^u t >^ 1 0 2 a. t^d 

E M U X (Demultiplex) 102B, y t h ^ir - iP D) 102C, 
5 ry-f 1 0 2D, HBT-D-FF102E, 1 0 2 F. y it h 

^^it- K (P D) 10 2 G, )\/^ (B P F) 1 0 2 H, 

^ y^^^% (p L L) 10 2 1, ii^gt^r- K^ti:^-^ (pmd 

^^^^ 1 0 2 J ^^^d:;tT^ifi5c^tlTl^So 

10 mt^ m 6 {c:^-r7fe^ u r >^ i o 2 ht^h^ti-^fih^m^^t--^^ 
^^xifzmt^ iy t vy^^- K 1 0 2 GKKtiir^:f5) ^^mt^o 

•tt^t>-^. C©4 0 Gh/^ s^mmt. -7;*- b^-r^- K 1 0 2 GtC*? 

15 0 GH zfiSc^;O^Jfitii^tl> P MD t-iJ' 1 0 2 J - (c J; 

. mih^ntz 4 0 GH zfiJc!^05ift;i)^ ffiiJ^^nSo 

tfzm . m 1 0 (a) ^ffli.^Tij&0j-r^o ttz. 4 0 gh zfix^^a-s^-s 
©A Tjio*r^#i4^> m 9 (n <h#L^:^) . 010 (b) =^m^^x 
20 ijfeB^-rSo ccT% 139© I , n {i^n^'n. 7t?iigt^i!^i:br = 0. 5 
t ttzm^i^isij-^. ^mmmmit(DA x^m^t 4 0 gh zbSc^^^ 

:^;^T•^) © A t ^iSc#te^^t-*>©'e* «9 > ^fzm^ <om^\i tnLfz 

25 ^{i. 7fe5^S5^ilSl:b r ^ 0 . 5 T-© 4 0 G H z )3g^?^^0 A r 

^■^t>©-e*'5o c:©EI 9 ©??-§• n i-frfL/:::^©.!: i-x 4 0GHzfi5c 

4 5 
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^^fiii. At = 0 (ps) <Dt^=^mi^tLX. A Ti!)<m:kt?>tC-D 
tlX^'PL^ At = 12. 5 (ps) X'^A^ttl^o ^ i>iZA Ti}<miK 
t^t. 4 0 GH z^5>§^«tiit;^{cfel;. 1 ^ 4 IsXa y \^ tmtm 
(A T = 2 5 p s) izU-otzt^iCjtO^mtmK U6o 
5 tfc. mi 0 (b) {C. mmm^ r = 10 (p s) t ttzi^^lZipBlf 
S 4 0 GH zfiSc^^S©7fe?iS^iKJt7fe#tt<&^to C©ilI10 ( 
h) ic^tJiioi^. 4 0 GH zg!c5^§^fi(i. 7 = 0. 5<Dt^izm4^t 

0 (ps) <Dt^^<. BMicx^^mmm^^iti^^m^i^tti^mMoiikm 

T'*«3x ^y^^ 7fe§iJ|[^i!^Jt7{c|5Lr{ir = OX(il0i§j6^ 

K J; 5§^tSS3^^b*^S/jN i ^A' S ^^©t^filT'* -5 C i >6<t>;&^-5 o d tl 

15 ^/cs <iiS*- K^tlc(cj;^M?^^Mb*<«;'c(cnj:§ 7 = 0. SOigfc 

p S t'^l^o 

$t>JC, Ell l{i. 'feiiaiitB©M;{)<4 0 G H z T-ti^j: < . 10 Gb 
20 /s NR Zfe3lv^XxA©||®^|^©1ifiJc-^*-5;&^ COiaiUC^fl 
0 G b/s NR Zfeiiv/7.7^A 1 1 0 (i. N R Z ft^<£-teii-r ^ 1 0 G 
b/s^Mi>XxA^1i^L/it>©-e*So C©ii-&^-K^ 
t^[fIl^aI{Ccfc57fem■^'\©^#{co^<^T^^fci^m^^ ^12 (a) -a 
12 (j). 1113, g|14 (a), EI14 (b) IZyr^to 
25 mil {C^^NR Zfsiiv/XxA 1 1 0 ^it{i*ll 1 1 SO'^fe^ 

fttiii 1 2 ^^'^feiiii^ 1 1 3^if\-Lxmm^ntzh(ox$>^i)<. itin^ 
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icIdLxmU^i^m-i^^- K^t![^#;i5/::J6{c, Umumm (PC) 
1 1 iRtfi^momi^'e- K^tfex^ ^U-:^ (?MDx.i ^U-^) 
1 1 5i)<^B:M^l 1 3 (CiSft btlTl^^o ^ifc. 7fcfeiig§ 1 1 3(c(i, 
ll^{CJel;T^ g$ 5 0 kmcD 1 . 3 fim^mir^^y 7 -< ^< (SMF) 
5 113 A;{><^^$nSo 

cc:-e> M?g^$iJ^S5 1 1 4S:(:>*PMDi^ ^ i^-:^ 1 i 5 a. 
{cMW i-ii/^^ - K^t^c (iii^aAr, ytmm^i^it7) ^^^?>^ 

1 0 5 me tmm(Dh<DX'^?>o ttz. ^mm^i 1 nt. u 

10 -"^fy-ft- K (L D) 111 A, ^^m^ 1 1 1 B, hTV:/ 

1 1 1 c^^ti^rm^^nx\.^?>o 
ttz^ ^mmmi 1 i<D^mmmi 1 1 B(i. u—^y-fy^r- ki 1 

(Djft^m^ 1 1 1 B cb LTti. v^y/N^y X yrJ^'MO-^y^U f-'^ATfe 

15 mmi^ (L iNhOz it^m^-.m^'^t) i}m^^<bn^o fiis^ 10 

Gb/sNRZ-S^f^ti. ~;l-^i^Uf-'>A7fel£I^S^ 1 OGb/sNR 

C CT^ mi 1 ^^i^^ lllB;6^btll;^$n^lOGb/'s 

NRZ^it^tc, PMDi^ ^ U-iJ' 1 1 5 {Cj;<9 7fcilE^A t ^^>fb 
20 $-ii:T#^yiJi^£D. ^m^^TOS^'fl: L/c 1 0 G b / s N R Z 

E! 1 2 ( a ) ~ia 1 2 ( j ) iz^to C C T\ H 1 2 ( a ) ~E1 1 2 
(e) (i. SMF 1 1 3 A^^L/cfeii (7 7 -( y<B:m =^rfUt>tl\<^ 
m^O 1 0 G b / s N R Z UBT^ (9 X EI 1 2 ( f ) -EI 1 2 ( j ) 
SMF 1 1 3 A^:/^L/;aj||^?fnCo/iJi^CD 1 0 Gb/s NRZ-» 
25 T-*)'2.o 

mi licMoT. Tfe^^tmi 1 2{i. ^ZfUry^l 1 2 A. 7;i- h 

4 7 
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y-(t-h' (FD) 1 1 2 B, ^fiSP 112C. 7:j-hy-r;4--K(P 
D) 1 1 2 D. K/N°X7-r JU^ (B P F) 1 1 2 E, {iM*- 
tJ[*^^ (PMD^-iJ') 1 1 2 F^^ni:;iT^^$nTl,^^o C©^ 

K 1 1 2 D{Cj;«9Smft^{C^^ ^tl^^s 5 GH zO 

J]/tp(D 5 GH zfig^;()<ttfcb$n. PMD^-:^ 1 0 2 F i LT®/^'7- 
y -i^'{::fcl^T. tttH^n/i 5 GH zfig^©^i[*<j|ij^$n^o >:i:fc> 

10 1 0 G b / s NR Zft^ti 1 0 GEzJt!(.^^m=^hfzfl\,^(DX'. -e©¥ 
:^0 5 GH zfiJc^^&ttaiLT. ^©?ta[^ffliJ^LTi,^So 

01 3 (i. 5fe5SS[^iKlt7 = 0. 5 i L^ii^tcfcJtS^ fe3lfCcb-5 
^^^S^-fb ) ©At (MmM) itt^^ mi 3© 

<i:> 5 GH zfi5c5J?^S©A T^lftt (H 1 3 ©^^^-tlV^ 

15 M) i^^^f fc©T-*'5o ^omi iO^my^iiLtiljK^t^OiZ^ 
5 GH zfi5c53-§feS«^ feiiljSE4 0 G b/s OT DM^^om'^tmm 
{CAt = 0 (ps) ©<^:§{cM;^ifj:oT^,^-5;&^^ A r fCj^-T-S ji^7&< 
l^-TAXn-y h©2f^inj:oTl<^'5 4 OGb/sOTD 

Mfi^©Ji^i«S^d:oT(.>5o 

20 014 (a) ic^(i^S^>fl:©7fc^S^iKltr^#tt©il'JS!em«'^ 

-To S 1 4 (b) {C^ )1@*A TT = 4 0 p s i L/iJi^tCfctt-S 

5 GH zfiSc:^^a© r^Sc#tt^^-to C:©014 ( a ) tc^-f J: 9 fc. 
^^^ft^<b«^ r = 0. 5©<i:^{c1i;^:(l:)^i:J9, 7 = 0Xttl©i^ 
{Cft/jNtnc-So C©ll|14 (b) KTT^t^Oi^^ 5GHzfi!c5>^ 

25 aiiiiJt 4 0 Gb/s 0TDMft-^©ii^<i:[l|#{C7 = 0. 5© 

4 8 
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013, III14 (a), (b)J:?). Az{c|CLr{iAT = 0 (p 

Cmi 4 (a) mm . Bm'^(D^im^'^^ti!)<l dBi>XTtfl6 
J:9^i:MiS*- K^icofF^li (PMDii^;/^) (i. 7 7 '<feiil<£•^f ^<£ 
oTV^^i:i.^li^{c{i, m 1 3 0??-i-l{c^-rJ;-9{ci|^3 0 p s tU:ho 

10 {3fSit^J1-^C<!:;6<t>;&^'5o 

■kmm=^miht^^oiztr^^^o zzr-^^^mim^t^t. 4 0Gb 

20 0 Gb/s NRZ;a^B(-*i{tS 5 G H z ^^^JgCD A t 

4 9 
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r F (t) + ( 1 - 7) F ( t + A r ) - ( 1) 

5 m^X. ^im(DK-x^<> h'7.K^ h;UP (f) y-iJJLUm^ 

iC; (2) 0j:9f-#x.'in-So 
P(f) 

= I / {rF(t) + (l- 7) F(t + A t) } . exp (i<ut)dt I ' 
= l7/F(t)'exp (iwt)dt+(l-7) XFCt+Ar) -exp (iwt)dt M 
10 = I r J"F(t) • exp (i<yt)dt 

+ (1- 7) -expC-iwAr) J" F (t) • exp (iwt)dt M 
= K(f) •i;F(t) • exp (i<ut)dt M -(2) 

mis itm^^K (f ) li^ (3) ©atit-^^n-So 

K (f) = I 7 + (1- 7 ) • exp(-i a; A T ) | * 
15 = I 7 + (1- 7 ) • {cos(w A r ) - i . sin(w A t ) } | ' 

= 1 - 4 7 (1- 7 )sin^(n f A r ) - ( 3 ) 

^<f*j\ 0)= 2 ;r f •eab'So 

20 X/<> K7.^i5^ h;l/| J- F(t) • exp (iwt)dt r i^l^tf 

t/c. ^S:(3);6^bK = K(f, Ar, 7)i ^<£ ±iB^ 1 It 

^mWL^^^fe (Hz) K^N°;^7^ 1 2 (I1I4#M) {cr 

i^tilLT^ ^S^tb^l 3{CT?S«^thL/iJi^.. K (f . At. 7) 
25 =K(fe|AT, 7) tflr^X. M^gMA zRV^^^m^i^itr 

^t^ZtiZtl^o CC:T\ K ( f e I A T, 7) it. f e*<-^x.bn 
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2mm<DWim.WLi e CHz) -e©^^JK (Oit^J^tS:) K (f ) ^fffflij 

5 Lt^h. itm.'B^m.'t-'^^V (t) (CS^LT. ^ (2) i)<^tL-t^ 

Z.ti)^<h. K (f e) -eii^^-- K5^tJ:t^^<&^aiT'§5c!:V^9±ia© 

m^it. m^m^ (NRzx^Rz) i&Mi^m. ' mm^mmcDm. 

mmitiZ.mt>ih-f^tL-t^o ncfc^ 1 0 G b/ s NR Z^Eil|->X7^A(C 
fct^^llil^SmT'ti. 7r-r/< (SMF) fe^^ic 5 G H z fiSc:»-^^*< 
10 < ySoT^.^'S*^. cnti I /F(t) • exp (icot)dt r < 

m-i&'e- \^'^Wi.K^^mr^<tit)<M^\^tfl^t^ii.. fe (Hz)fi!c^ 

■rSI^}::. S^: (2) . (3) ^ffll^T^^*- K^tfcS^^llit-^Ci 

7b<X^ ^(DX^^. CtLfCj;*^. ±IE^N°v^ -iS^tffg^. 2-o(DMi&.=^ 

20 ^^5^^ (NRZXtiRZ^) . &fi^&tJ[ • 

J:b7®ICIS[) ©t^«l*<^«Wtc;^tbT'§;Si;9(c. ^ (2) , (3) 
— ISi'fb $ n T > § © T ^ o 
25 ^ (2) , (3) (i. isM^- K^^ifefi^mgP 1 4{:::fc 

5 1 



wo 99/28723 



PCT/JP98/05336 



Bm^m^ (^?'J;i{^4 0 G b/s OTDM^#^ 1 OGb/sNRZff 



^^•tf-^^ $tl/-ct^ic. K/N°7.7^ yl/rJ' 1 2{CA 

[f e (Hz) ^^-^tu^n (.'^'^mmwL^'ii^^ 
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(DM^^W- i±m<D^ (2) . (3) ^m^'tzm^^u) ^nu^zt 

ZZH-mA-ii. ±mB:mytiW^^< 4 O G b / s R Z^imXU 4 0 G 

lie (4 OGHz) KWcm^tlTK^^, ^hiZ. ±mB:mytm^Jt}< 1 OG 
b / s NR Z^fem^-eab^Ji^JCfi, C©#^Ji^|fefiJc^;^tHXx^y >^ 

10 t^mik^ (5 GHz) Kf^m^nT\.^6o tflt>^. CCD4#^/i-^l^ 

20 ^jtfc^ii{t-r-<<. MSt*- K^tJ[*t^tbsi5i 4{cT^ai$n/i<i&^ 

/■cfe©/N°^y-^|g^$iJ®m-t*^ ^§{1117 l^{c^^:l•^>nycM■^^t- 
25 ^fe (Hz) ^^^mcom^^h^. m^&'t- \^'6^^m^ih^i Aiz^iQ 

5 3 
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c±^ (2) . (3) ] tir^^n^) ibmtn^n^ d^st-K^^Ht 

10 ^th Ltzm 1 #^Ji?SI5[^5>o?S^;0^ fifr^om 1 mwcmw-^n^^ -o 

20 ^{l-to^-r $ y^'*^^tB^^fn^9<i:9ic^>T§'5o EI l 7 {i> *^H^© 

1 M^^f^^fz^B^miyT.T^-Uom^^^t^a V ^m-Xstb^iiK CCD 

25 **9^ PLL (Phase-Locked Loop)^;{)<ffll<> ^>n§o ^i:fc> Ell 1 

5 4 



wo 99/28723 



PCT/JP98/0S336 



C©J:9{C> fe (Hz) ^^ii^fSi&micmmLtzim-^'ii^t:^. 

5 ( B 1) ^ 1 %mem(b% 1 umionm 

m 1 8 {i*igB^©m 1 mmmmcDm i ^?^Mlc*^;6^'5^t^:^i'ls*J?lii 

B*^'iiffl$tl^7t^Ejii^X7^A(Dli)5)c^^t-yo >y ^ll-e^)^9^ CCDS 
1 8 {C^-TTtfeiii/XxA 2 1 OAfcs B$^fli^fi:^5!:<&Siffl Lfcii:@| 
iS;KB (b/s) (^J^{^ 4 0 G b/ s , 1 0 G b / s ^) O^a^ •> 
10 X-rAT*So C:©3fefiji'>XxA 2 1 0 A{i. ^iiM2 TfeSft 

^ 2 0 7 atf}<itii:mm (fei^7 7^^<) 3 ^^fr LT^)^$ n/i fco-e 
IKSU 2 0 5 a7&>^> 2l^i^©ft-t*<tBTV^S<i:C6*^m^<CoTl/^5o l-^S: 

$t>{c, ^ IMiJci^O/N-^^-^J'iOlie^fcoV^Tti^ K = K (f, 
At. y) fKDX. i^m^l^m^^iz'^mW.t. lS^©Ji^|i(f, 

25 i-eoi ^©^^^jgK, ^^tli-e^>5fc{tT\ A ^gc^.Mir®9■^©M- 
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oTl<^S (Ell 8©/N°7y-^iaS|nlg§i 5©tb;^f^#fi^) o C 

^^fs*ii 2 0 7 a mm.'t- h'^nmmm 4 . it^mm 205a. 

15 mt^o tfz^ 7fe^«gl5 2 0 5 a{i> 7fefeiij?§ 3 tTS{MiJ{cA;(3 

$n'5^Eiil7t{i-t©-S|5^3X«3diLT> 2 ^i^C^r-iJ'^t LT^Jftffl 

MJta^M 1 M{C:g|{t}-r'5 ^©-e*So 
^LT. C©^t(cM«$iJtaiI^fi 1 M(i. ^^i^^ 2 0 5 a fCckOIXO 

tt5 ^ n 7t {C S o% ^ T 3 ^ feiit Tfefi^ ^ C ii 2S 
20 - K^tJ[©t>tSl^^^iJ't5i«i: t>{c, ^(D^su^^^^K!ts\:xMm^ 

- K^t^:M^tS4^$|j^®'t-^^>©•t?*^9^ ^3fe^i 1 a, lib. 

K/N-X7>f (f e BPF) 1 2 a, 1 2 b, ^m^i^^l 3 a. 

1 3 b. l^'^MM'^d 0 a^^/d:^Ti|i5fe$tlT(*^5o Cin 

^^^^11 a, 1 1 b, K^N°7.7^ ;Ur5^ 1 2 a, 1 2 b . ^1^=^ 
25 ajlll3a. 1 3b{i. ±i^Lfc^7fel5l 1, /<>K/<X7^;l/^ 1 2. 

5 6 
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r^tfej i^.^9^lS^i> r-/sg^tS[j ^igccfef'S 

15 i-t£t^-h. 2 oCD^^^Ub^'l 3 a , 1 3 b <Cck o T# ^>tifc. 2 Sm 

nSfDT^'So C CT\ ^ 1 M5^<hli. 4 0 G b/s OTDMiSff^tCfc 
20 4 0 GH zfi£5^^S® A T {C^f^^fe^tt-^^ lOGb/sNRZ 

•igff^tCfett'S 5 GH z J^^^mOA T {C^t-5^fe??tt{cM-rS^^'fb^ 
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^i^t^mz^m^mm ({i-^^-- K^s^ca^tb^ 1 4) t=^^fi^6 
na^fi^tt}^ (^iSt^- K^ftM^tiisp 1 4) {cT-^n-eni^ai^ti 

K5Jt!(M«tg4 {c^r^LTtt3;^/-r^/N°^y -^I9:^lp]!?§ 1 5 t^^^i^T 

K^©iiM (^Sji^) A r <h LTl>-5o LT, ^-^^^ -rJ'Ift 
SdSSl ±fHfeii3feff^©^{t«<!::/a:'5^ft«git (3fe§ft*l 7 

20 TV^S d ifcnt So 

^-^T, 2^^lK$nT*^^>^ ^Tfe^l 1 a. 1 1 btCTO/E^^^tlT 

K^N°;^7>f 1 2 a. 1 2 b {c-?-n-€-'nA;'3^ti'So 
K/N°X7-f 1 2 a(cfcl^T^ feill7T'i'^<<£-^LT^{itJf^A:^$ 

5 8 



wo 99/28723 



PCT/JP98/05336 



X7 •/) o $ ^^I^Hifs 13 a, 1 3 b ic ck «9^ ^•^M^WL^'i^ 

^ (2) . (3) ^m\'^fzm^mm ^rsu^ z tK^^ ^^Bi^itm 

e (Hz) ^^^m^WLi^Kflht^ti)<-^irhZt^^mL. ij-^-o 

©t»tSI^^«6^{i^ai-e§^o 

(B 2 ) mi ^Mff^SI©^ 2 ^ff^^J©UfeB^ 
±fB©l2|4, Ell im-^\U K^M«^4*^ Tfe^ff:^? 

^ § fflij {c ^ g -r ^ J; 9 § c cb -e ^ o 

iSS*^*iiffl$nS^feii'>XxA©a^<£-^t-7'o y :?|ElT-*)So C© 

Ell 9 (c^-r7tjEii'>x-rA 1 OAt> Bt:9-SiJ^fi:;5-^^^ffl Ly-cfei^ 
iiStB (b/s) (^J;i{i'4 0 Gb/s. 1 0 G b / s H) ©^iiff v 



5 9 
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1 OA(i, 7feiimm2A. 3tfei^g§3. Tfe^iKSBS. Tfe^ft^TA. ^ 
^«L4n^;<><. TtiiiPi^*^ C©M^^- K:»f(M«Sl4 Ot±S;^<IiJ(CiS 

5 i -^eC o 

tn£t»t.> C©^ l||».tl©^2^J^^?lJ{C;6>J&>'55^tS:M{S$iJSPgS 



6 0 
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t±} :^ -5 J; 9 fc iglfig $ tlT I, ^ -5 C <b {c ^£ -5 o 

5 {i. mmmm i r-^ttuf^^ i ^ffli^^Ti^^-So 

C©Ei2 0 {C:^-t^feiiv'XxA 2 1 0 B fc. B^^ilJ^m:^-^^^^ L 
fzBMM^B (h / s) (^Jx.{f 4 0 G b/s. 1 0 G b / s ^) ©^t 
jiftv/XT-A-e*^*^ CO^feill'>XxA2 1 OB(is H 1 USSff^^ 
f-^S7fef5ii'>x-ri. 1 OiJtLT^ ^j^t- K^tJ[M^^4*^7fe4'm 
20 (Optical Repeater) 2 1 4 F«g{ciS{t ?>nT»<^ o Tl/> -5, 

c©7tfeii'>xxA 2 1 OBti. ^miMm2, ^B^mz 

^Tii^$nTi->So z(Dj^^mmm2 1 4{i. ±BBm^im^mm 

25 Tl,>So 

6 1 
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{-> ^^ami A icMLx^mmi X Mitt ?>h<DT. ^^^-k^ij: 

ox\ wfi^^Mummt^o 
ttz. ^wi.mmummm i a. ^mm^ i &c;$ijfpsii^ i ^si^TTfe 

^n^So ^£*>\ ^©flfe©t)©T'> ±xEL/::fe©i|3|— ©??-^^feofe 

©«. m--tih<Dm'immfmm^'nt^^(Dx&6(Dx\ ^u^m 

15 BJ<&^|l|§-^<S, 

nm^m i^<Mm^n^ytiiMi^7.f-i. i o <i:(j{i;~|pia©sjf'p/)<^f^cj: 
25 [a 2 1 {d:*igB^©ii 1 mmmm<Dm 2 fte©5Jt{cMm 
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com 2 1 fc:^-#-7fe{Kiiiv/X7^A 1 0B*>. ^i^m0m:^^^^mLtz 
zzx\ ^mmm2 bh. B:m^m^^mmir ?>mmmmmx^^ . 

^§^ft^S^B-e*»9. Tfe^iKSB 5 , TtSft^ 6 <&^n):;t-S^i;^)^> At 
15 li<«ll4A^W^So 

11, K^^'X7^ ( f e B P F) 1 2 , ^m^th^ 1 3. M 

K5}tfc*^ajSBl 4. ^N'^^-rJ^^^lHll^l 5^W-rSo CO/^• 
20 -rJ'Ig^lHlK 1 5ti. A T ^^^-rS A riS^iggS 1 5A<!:> 7^ 

{i. -iJ'Ift^llIBS 1 5 F^© 7lS:^[El.SS l 5 B<cJ;oT. ^tit 

25 {ta2 BrtcDrM<lS 4 B' (ClS^^tlT. ^tz. l5l;^{c C 5 ^ - 
^iSSlHlSS 1 5 F*9©A rlS^lsIl^ 1 5 A{CJ:oT. ^^ff^ 7 BP*9(DA 

6 3 
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^35 9 0 b i LrmtlLTl^'So 

ti};'3-r§-:^. mKDM^'e- h'^w^mmm^^ hW:^ a^^mm b 

^ y - fl-t ^ aj § J; 9 {c^fiJc $ nx !< ^ c i (c fj: § o 

1 *>o$(JM^t 1 1 lli!ifeff^Sg{c*^;{>^;s^f[M$lJfp^S i 

iiffl$n^3fe^Ei^i/Xf-A 1 0 i(5{flH]^cD»)fp;{>qT^<£t)n<So 

( B 3 ) m\ mm^moM z mmom 

6 4 
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2 2 {c^tTfe^sj^v'XxA 1 0 c fc> m^m^m:&^^mm itzBmm 

mB (b/s) (^J;i{f 4 0 Gb/s, 1 0 G b / s m) O^ftMiM 7. 

f-L.'ci>^i)<. mi mmmom 2 mm a x f- a 1 0 
ii^M.mmummmiBii. ^<>h'y<7.y ^ ji^ Cfe bpf) 12. 

rii-&^- K5>iicj c i <h L. ^W^^iJtP^S 1 B 

15 ti. r^i-^^- K^t$cM»Ja^S 1 B J o 

$ bfC. cnb<i?g^^-- K:9-f[S^tiigB 1 4 -i5^IS^15]gS2 
1 5 mm^e- K^tJ:»SU9 0 c i LrmtlLTl^^o 
C©/N'5,^-^^^[51gS2 1 5{i. 7fe$4I^SIff (^-^aimgP) 4D©^ 
^M^^^-r5/-ci6©7fett^^lllgS2 1 5 Ai. A T^^mSSl 5 Ai 

20 <&w-rso 

U^o t-f. ^^mi^7 Cl*|©7ifclftli^^4 D(C:fol,^T^ ^{t?t©l4^ 
t>-li-*^'ft>^£t)tls ^^t'-A;^:/U y (PBS) 1 7 (C*>H^T^2^^ 
- Km;J>*<^IIt$n> 1 1 A. • 1 1 B{c*5H>Ts i^*- Kfi!c^*< 
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^tiiSl 3{c4bH^Tf e (Hz) f^^^mi!)mtii^tl. -IS^S^*- K^flc 

M^msp 1 4 izi5\.^r^Bm^ 3 cD<i-^^- K^tJ[©t»t^;*<^j±i^n. 

e (Hz) filc^^fi[*<«::^inj:'5J;-9(CRr^iiM^^^l 8SO'3fettPS 

( B 4 ) mi mmmm(Dm 4 mmmom 

11 2 3 {i*^B^OB 1 mmmmom 4 «^lJ{C;&^;^>^-5^i^:M$lJ||]g 
s) (^ij^{i'4 0 Gb/s, 1 0 Gb/s^) ©7fe®{t'>7.f-ATr*o 

^feiiBss. 7fc^m*i7D. i^tfeM^t^y^a^si 

6 6 
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OB. myt=f2 Q ct. ^n<hiz^n'enmm^tiT\.^6^^mi 
5 ic. iiD, 1 1 Et^ ^^^1 1 cizmm-^nr^.^^^m'^mn^ 
2 1 A, ^t^mi 1 D(c^^$nri-^api^g@^^ 1 s a, ^^mi 
1 Etzmm.^nr\.^6^mmmm^ i s B t, $ t>{c, oj^jie^^ i 
8 a, 1 8Biz^n^'nmm^nr\.>^^m'5imm^2 IB, 2ict. 

10 c X, mit^2 0 A, Xs M^^2 o b. Xj -(STfe^ 2 0 co 

^n-?^n(i. ^fi^0^7fct»tSl^^t-X l>-i^x^i? hv'U (Stokes vec 
tor ) ©3fijc^j^ tfit>-^^ X, . Xs . Xs ^miht?>h(Di:'$>i). 

^pfe^iic, 1 1 D, 1 1 E{i-en-en> c07feft¥©5Sc5^^o/E 
15 t/c^ 'oi^mmmj-i s ai*. x h-^^x^^^ h;i/X2 tc^^-r-sii 

Rl^^^2 1A, 2 IB, 2 1 Cti-^-n^'tl^ ^mt?l, P2, P3 
(CCT% P 1 +P 2 + P 3 = 1 ©M^;&<?i/i$nTl<^-5) 

20 <DX'$>^. ^SRr^^^2 1A«^ X h-:5'X<:J' h;UXi fcJifJ^i^-S 
^mitP 1 ?iERl^^? 2 1 B{i> X h-^x^^:' l>;i/X2 (c^^;£; 
•r^SiEJtP 2 ^> tfc. .1 C(i> X h-i7x<i5' 

Xs {C^fJS-t^^EibP 3 '€-n-etl-^;i'5J;-5lC^ioTI.^'g)o L 
T^ C n b 5 p'-iJ^ (Atj , Ar, . PI. P2, P3) 

25 {i. f e (Hz) 65c5>5^S<J:*:^{Cf i.^c26{C. m^izUm-^tl^OX' 

co^sitpi, P2, P3(i. Mmmm^^m\.^tz^^ 

6 7 
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2 1 A. 2 IB, 2 1 C©tjtl;/7ft-^^^fit^ fcOtr**?. 3fe§fiS|5 6 

*)oT. K/N'7:7^;l/:J^ 1 2. §SS^tii^i3, Mi^*-K5>f[« 
^tiilflJl 4, -^IS^[D]g§2 1 5 ^^>ij:;iT^ifiK$nTl^'2.o C 

CT\ z.n^mwL'^- K^nca^tb^ 1 4 .t/N'^^ -:?is^iHiK2 1 5 

-(S?^^- K^MiaSlS 9 0 c t LxmmLX\^^o LT^ f^v 
10 p< -^i5^|al!^2 1 5 rtOA T^^lD]{?§ 1 5 A(i. SJIiOm-^-^TfeSft^ 
7 DrtORi^iiMm^ 1 8 Ai°Jg^ii®fg^i 8 B i(c^n^nA;^-r 
SJ;o{c/i:oTfcO. t/::^ ^ -^^^IslgS 2 1 5 l*I©§fefi[^^Ill 
gS2 1 5 B{i. ^Slt^7fe^{t«7 Drt©^«pl^^? 2 1 A. 2 1 B. 

15 PI, P2, P 3 CD$lJtai©T;U:3*U XA©-^Ji LTti> 3 

oO•9^2o■ro<£•fJ;6^■t:^^£-e*§o -tnttJ^^ P3;&<@^CD^*. 
P 1 +P 2;&<-^(C/j:§d;-5{c:. P 1 <h P 2 ^^^b^-ti-T f e (Hz) 
fi5c5>M^ft;^lit$iJffllL> 2^(c. P 1 ;6^'|I1^© t ^ > P 2 + P 3 
{c^d:^J;9(c^ P 2 iP 3 ^^-fb^-li-r f e (Hz) BSc:9'^fi<&ft;^M 

20 $iJ®Lx P2*^"@^©^^, P 1 +P 3*<-^{C/j:Sct-5{c, 

P 1 iP 3^^^b^-li:Tf e (H z) LT(.> < i 

25 ^aillg§3^^LTA;^$n/cfeii{t^7fe«> Tfe^ft^i? Drttc-C^ 

3:»iK$ns ^^7lcfijc^©^^M$-li-;5g.ig7t^ (X, ii^? 2 0 A, 

6 8 
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X2 m%=^2 0 bslo'Xs uit=¥-2 0 c) ^if^Lx^M'n. ^^it^ 

11c. 1 1 D. 1 1 EfCfcn^T^Tfe^n. «mft-§-J-lg^ (O/E^ 
m $n^o ^ LT. g7fe§§ 1 1 D, 11 Efcj; «9S7fe^n/-c^^^(i 
-^rtien^ ol'^iSjS^^ 1 8 A, 18 BtCj; «9ii®«A t 2 . A r s t< 
5 #;it.tl^ $ t>{C. Ctlt> 2 ^m(0\i^tit. 1 1 C <!:©l±l;^<t© 

3oCD^^5>fi> 5^«Rr^?g^ 2 1 A, 2 IB. 2 1 C J; 5SjgJtI^ 

:9-t^c^{i^J'(aii^S 1 B{cA:^$n. :^ 1 nSfej^^cDJt^iiillitc, 

10 Kv^°7s■7 ^ 1 2 , ?feJK>^{±S^ 1 3 {CJ:0 f e (H z ) 

^- K^tfe^^i^St'T'S ctoJc. pTlgjiMfgTl 8 A. 1 8BRO'?^jKaI 
^^^2 1 A, 2 IB, 2 1 C;0<> f e (H z ) -5. 
15 $iJl3i$ti'5©-e*>So 

COS 2 3-e^d:^ Rl^jljl^^l 8 a. l 8 BS-CKSiimW^^ 
i^2 1 A, 2 1 B, 2 1 C©M:>?*<*lJtSl$tlT(.'>S*^ ^mffllJ*-*5l>T 

(B 5 ) HI nmmM<Dm 5 



6 9 
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feiHii^B (b/s) («?ij;t(d:4 0 Gb/s. 10Gb/s^)©7fea 

^mmt-^<. mm.^- K^tic^^§i2 4 ^^i^m2 5 .t. 3t§ft 

giJ2 6 t=^^f^A.rm^^n-c\.^^o K^tJ[*i«S2 4 {i. 

15 ^^Lx^m\izAti^n^Bm^^^(D-^^Mioihix. ^^^^ 

fil iiHliltc, ^3tgi2 8. K/N°X7-f ^UrJ' (f e BPF) 2 9, 
20 ®S^to§5 3 0. M^S*- K^tJ:M«ltliS|5 3 6Sc;xn°v ^ -rJ'fft^lHlgS 

i^«^gi;fl^{cft^d:9-^<ffijl««ii^b$ij||^3 li^ ^>Xf-A^li 

CcDX-f «yf- 3 8 A(Ciif)LT«ifPt§X>r 3 8 A' cb 4' ;i T 

25 m^^tix\.^^o 
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•5o $ bJc^ K5JiJc«^tHg|5 3 6 <!:/^'7 ^ -^I§^[a]g§ 3 7 {i 

^Mtl. ii-^^-- K^t^:»^£bSf5 1 4 <t^N°7^ -^^^[slj^ 1 5 <h|Hj 

15 ©T-aboTx ?iS^tti^3 O;&^^>0tt};^^^U«9^;i'SJ;•?{c/d:■:>T^.^'& 

x-r y f-tti^si5 3 8 ^cJ:oT^T^j:^nT^<^So -e lt> x-r 3 s a 

20 ' \,U C®X^ «y5^3 8 AfCjgSjLT. ^2^^- K5}tJ[*1ttli^3 6X 
(d;fi:*gJt«^inig§ 3 3 ott};'3<&/N°7;< -^^^Ip]i?§3 1 ^KtithhoX' 
4> -So 
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5 ^;u^ (fo EPF) z 2, HLm&mm^s 3, i&mmmmm 3 

l#^ii&l^BSc^ Cf e (Hz) ©^^[{c^tnSM&^^fiR 
^ [f 0 (Hz) fiX^] ^raai-r'Sfc©T-*)<9. fi[ffilt«^0gS 3 3 (i. 

^ '?>(c, i&m-^n&m^ 3 5 1*. ^n"^^ -rj^^^ags 3 i^^ihtiiti-^ 

#5 2 4 {cintbl-^ fe©-e*>^o 

20 K^t{[«:^tt}S|5 3 6 ^IKSl^-tirTii^*- K^tlcffi<I»^^t^^°7 

ii^k^iJtaugp 3 ltt> 3fefe3§|gS2 3^:/hLT^ft#J{cA;^$n'5<i^7fe(t 

7 2 
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3 liz^^y^ - \^'^<y ^mmo:>mm^m2 5 (a) ~ (c) rot 2 
6 (a) ~ (g) ^m^rmmt?>o 

112 5 (a) tt. ■liiS^*- K^tfeffl(»^®iiJi«A T (iBItt) i f e 

10 (Hz) f^^^m mm) i6DK^<&^-tfc©-e*oT> 1112 5 (b) 
iz-^s-tA. B. c(Dimmoi&m-mm m^i,i. ikHzmaoit 

■t) «@SAt (^tt) (c»n^e>n/::i§cD> f e (Hz) f$(,^m 
A(omtom=f m2 5 (c) ] ^^ii^e^{cfiH,^/:fc©-e*5o ::©lll 

2 5 (b) {C^^{t-^zSff^B{i. Ji-&^f 0 (Hz) -eB^PeM'fb-r'S. 

{tmoji^aA T*<^ig|t(c/j:|9> fe (H z) 

C©ii^. H2 5 (c) ©J;9{C. f e (Hz) ^^mmmmWL2 x 

f 0 T-B#PBi^/fi:L> jgiSli[f 0 (Hz) ©^^(i#t4'< ^i:§o 

20 c:©|2|2 5 (b) {C^-rB©t^®;&>e,A^C©<fc9{cilji*A T;{)^ftji 
M;:)>b-fn/-cii^{c(i. 112 5 (c) ©cb^jc, f e (Hz) fi5c^?^ft 

25 f e (H z ) ^^^Jt;()>t>Ji-/g|^C f 0 (H z ) ^^^^^^fcH $ n. v ^ 
-^nm^^Z 7 {Cj:i9. -eoJUStlfe f 0 (H z) ^^>^i)<fl<fl^1j\^ 

7 3 
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ms ^izrmm^tifzmm 0 (hz) (D^^(D&.m^ihmmt^z. 
fi$n/ciiii;ijSB (b/s) 07tm^{i7fe{Kiig§2 z^^ix^^m 
10 iiM^ - ¥^n=^mmt^ < . Tt^^iiii^ 2 5 (c j: ^\ 2 3 ^^n^ 

is^r- K^ti(ffi(«ii2 4 o$lJ^^p*<^Tnj:t)tl5o ^fe:^->xxA4 

^mBS 8 (CctiQ. X-Y -y^ 3 8 ARtfX^ 8 A' 

(1212 4 (C;^t<fc9^,£^.Mtt) o 
20 -eUTs ^%mm2 5 {CJ:J9g5{|5tJi$nfc5feft^{i^7fe^2 SJCJ;^) 

25 l^fiJc^ Cf e (Hz) fi5c5^] (#S/^i^ll(fiSc5>^ai7sX ^> 
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5 mmtfz^ (2) . (3) =^m^^timmmm ^nfioztic^io±^e. 
Bm^m^cr>mm'e- h'^nmibmih^ti^ (^tit«^tbx7^«y o 

10 J6®/N°7 ^ -^^^SJ^ft-^*^ li^««:iS'fb$iJ^SI5 3 1 ©{Si^i^MS 

^^-f «y5^-a^S|5 3 8 iCcl:t> X-r y 3 8 AJ^a'X>f y 3 8 A' *^'t?J «9 
^^§12 8. K/^°y?.:7.^ 2 9 S.J>'^^^t±i^ 3 0^^ 

LTM'(sa^3®<b$ij^«i5 3 i{cA:^$ti§o mmmmMitmm^z uc 

fcH^T{i. 5^jK1^t±ll5 3 0;6^^©lll#^j^^^fiSc^©^«<C•^tnS 
5 / -:$'tk^^Umir?>CtK^<0. ±tEBM^m^omm't- K^Hc 
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c:©ci;-9^<£^fi£{wj;oT. mm<rTi'£t>ti^jb<^ cot^o^nm^ 
mmmm^ 9 izi3if^mr^^m2 e (a) -112 e (g) ^ffli^r^b 
i^mmt^o ccT\ 112 6 (a) ~ (g) iz^^tm^m^ii. 112 4 

5 {C:^L/::^tJ:M«*iJ®ll^® 3 QP^T^^ (a) ~ (g) <&#L/c^^-e 
©m-t^J^JC-^-tl-e'tl^fJELTl^So com 2 6 (a) ~EI2 6 

(g) iZTT^t-m^it^ Mmm^T^<i e (hz) m^^m<Diig:Kj^f)^'h 

h'y<7.y^ J\y^ 2 9 (Ifet^T f e (Hz) fig^^^^'ffldi^n'So 
1112 4 {C^t^<> K^N*X7^ ^UiJ' 2 9 ©ai;^J-:fe{:)-5 (c) iftt/iglS 
5>©ft#-&f^{i> 02 6 (c) iz^st^oiz, f e (Hz) 
15 -mto (Hz) X-mtt^^^U^'Ht^o ^LT. COft^Ci. 

^ailsS 0 {Cj;«5^g^2g^f 0 (Hz) OS^^^fSM^fC^m^nT. El 
2 6 (d) Jc^tJ:9^<i:W<!:4'l9^ m'S.-^^M^tUU^ Z IKKtS-^ 

20 Ma^fo {Y{z) (O^W^^-^fl. m2 % ie) KTY^t^'b-HW.^ 
34;6>b©fo iWz) ^^^ji^t(Dm)^m<'nflt>n. m2 % ( 

2 5©A©^^{c(i. (g) x'TT^^icifzm^^mt^m^ i±^m^2 

25 ' 6) T-©iiE«A r©ii:;^(Ci:b^JLrii;^-r-So 

C:n<i:(ii2{::^,il]S*A t;&< f e (Hz) fi5c^^S©1i;^;^;&^ t>E© 

7 6 
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mto (Hz) r'mtt^^^n<D&.mit'^mm ( i / 2 f o ) tntz 
Bicti^o ^tijc^oT. EI 2 6 (d) , 112 6 (e) X'^tim-mm 

60 (g) #M) ©^^^fiSIStSo 

it^(Dm^mtl?>m^<Dn^^^iiit^CtizJ:'oX. mmmATi^i 

iEno\^irii(D:^{^iz-fnx\.^^^^mm^n?>(Dx\ fe (hz)^ 
^?>fzib(Dy<^/-^nmmmm^^<±0z^nxiiiti^n6o 

15 C©J;9{c, *^B^0II1 HJgff^tg©^ 5^^^y{-;{,^^,^^||j^^^ij 

20 :^ai$n-5o 

7 7 
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5 (B 6 ) n 1 nifej^scme mmom 

m 2 7 ti^^Bflom 1 mmmmom 6 lSEff^^J{c;6^;^>^^^t^c^i«^J^Sl^ 

10 ^IHIL;<^fflLTl^5o 

fcfei^iiSB (b/s) (^J;i{f 4 0 G b/s. 10Gb/s^)£D7fe 
afti/XxAT'*5o dOTfefeiHi/XxA 4 0A«. ^ 1 ^SfeJ^ 

^{i^ l^^^Sff^S©m5^ff^^?IJ^C;6^;6^5^^Eilv'XxA 4 0 ilSl^Oi 

20 LT©7fe^ft:^2 7At*<^fe:lS§ (feill7r^^<) 2 S^^O-LTg^^ 
$nTte<9s ^iim«S2 2 A{C:^tJ:MIS»m^a3 9*<^tt bnr^,^So 

7 8 
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5 K^tS[M^S2 4^WLTl<^So C CD J; 9 {C, -I^M*- K^i[?i^ 

^IX. ift&:M^2 3 <»:7lc§fta2 7 AFb1{C* ^^fe^KSP 2 5 
10 ©^HtMMm^g 3 9 (i. -^^^[slgS 3 7 ^Eii^ft^^ 

mt^^<y / - ^ mn^i&mt ^tzi6(Dy<^ - ^i&^mmm^=^is.mm 

15 mm 3 3 *^b©tti::^^i■^) 7icill(tm2 2 AffiiJ{ct-eigill$n'5J:9 
20 -t^MStSitfefc, 5^g;^tb^ (^l^lg^^tbSP) 30*^^©±iB 

25 . t/r. :^t{cMfS$iJtS|l^S 3 9 rt©X^ 7^3 8 A, 3 8 A' (i. Tfefs 

7 9 



wo 99/28723 



PCT/JP98/0S336 



tit. ummifkmt^<D^<^ / - ^^m<Dmm^<Dmm^^ <'fzib{zm 
10 Lyrm 1 ^ifejgsi©^ 5 mmmiz^^t^6^%i.mmum^m z 9 ^ 

20 ^<mm(Di)^m (r = oxiti) tf£^^r)izmi8LiD\Pi=&mmt6z.ti)^ 

mmMAT^mizmmmizmzn^m}^^<^^o . 
( B 7 ) mi ^ifeB^©^ 7 mmmomm 

25 H 2 8 (i^^HJ©^ 1 ^5feBB©ll 7 ^ff^^lJfC;^)^;0^-S5^t^cM{«*r^^ 

8 0 
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com 2 8 (c^-TTiciEjili^XT^A 4 OBfc. B#^iij^S:5r^^Sjffl L 

5 /ifeJ^jlliCB (b/s) («»J;i{^ 4 0 Gb/s, 10Gb/s^)O^ 
mm'>:^^^T'$>^o c©:)fefEiil->X7^A 4 OB(i> H 1 HJfe^^^om 

6 ^Jf^^iJ{Cfc{ti.^aii'>X7^A 4 O AiJrbLTs Tfeitftti 2 2 B F*9 (C 
^t:t^>n/-c^^ig*- K^^tJcM{S^2 4 A^MfiSc-r^ A Tffi^S2 4 A- 

iso'7?i^if5 2 4 A- 2^. '€-n-rn3iS:(c$ij^-rs.^*<M^j:*9> ^ 

10 ®ftk®,^{i^ 1 mmmm(Dm e ^sflJ{C/{)^7)^'2.7fee3it vxt-a 4 o a 

^^si LTCD3fejiii-*ii2 2B<i:> ii^m^m^^^mir ?>^mmmm.t 

15 $n-rfc«9.. ^iiim*i2 2 BfiiJ{C:^tlCffi^$iJ'^^S3 9 AiX^r 

^S|5 3 B^mifibtir^i^^o fSi^^ Ctl^^tJcMiS^m^g 3 9 AiX 
^-tO^SP 3 8 <!:^^m{IiJ{ClSilL. 7fe^(tm 2 7 AtCT^ttJ^n^ 

, r^z^^- K^tlcM(i*imigg 3 9 Aj ^m-To 

7feilfttiS2 2 Bti^ fi^^a^. 4 lRO'^^^S4 2^Wt-S 

8 1 



wo 99/28723 



PCT/JP98/0S336 



^2 4 Ali. A T©<^fi:e.-f r^lSST'^. A TM{i^2 4 A - 1 

7mmm2 4 A - 2 i^wL. ^n^^timLizmmT'^?>^oizti-^x 

M*-K^tJ[M«S2 4ArtOATMiI^2 4A-li. r M-fl^ 2 4 

^lo^mMmmmms 9A(i> §7^112 s. /<>K^N°x7-f;Uij' ( 

f e BPF) 2 9, ^*^ai§l3 0. X-r-y^3 8A. ^Sigfe^-- 
10 t5c*^tii«P3 6^^yj:;i§<!:ifc{C. :ffi{I«*ii>fl:$iJ^Sflg|3 3 lAt. y< 

K^tJ[»^tbsi5 3 6 ty<y /~:$^'^mm^^ 7 (iis^- b'^nm 

>'Ui5'2 9, ^mmm^SO, X-r y ^ 3 8 A. -(iM*- K5Jt«t»i^aiSI5 

15 3 eti. mmitzi:y(Dtmu<Dh<Dm\.^im-'(Dmm=&'nt^ho-c^ 

c:CT\ ffi^ISSiS-fbaimSP 3 1 A{i. A T|i^^2 4 A - ISO^'r 
MISfl2 4 A - 2 ©|ljiP^543jr LT^T''c^9fc^6(C. K/N°7;7^ JU^ 
(fi BPF) 3 2 A. K^n'X7 ^ (f2 BPF) 3 2 B. 
20 fe^Jt^agSS 3 A. 3 3 B. fSl&IUg^3 4 A, 3 4 BRO'M?^ 
fi;llHll^3 5 A. 3 5 B^^:/;£;iT^^$nTV>-5o t^lt)-^. ^WlW 

mmmmmz 9 A{i. ^mm^2 4 a- 1. 2 4 a- 2's©/n°^>-^ 

8 2 
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fete. ^S^dilia 0;{>Nb©±iHM l#^i§l/^i5:fi5c^©^S{c^tni. 
±12 2 o©fgJ^-&{t-tfi£^ C f . (Hz), f2 (H z ) m-^fiJc^) O 

mi&nsm^z 5 a, 35 B^^Lrmtit^ho-c^t-ors A r^ts 

m2 7AffliJ) 1rffiffi*<Jt«?$nTmbtl/i^tiJft-t ({4*gJ:b«^[iIgS 3 3 
ASc;fi:liJtl5l5]g§3 3 B^^bOtij:^^f-^) 7feM:^2 2 AlliJfCt 
■eigii$n^cb9{cfj:oTi.^So n£fc> ^iiiSfiaisli^S 3 5 A, 3 5 B 
20 T'(ix /N'^y -rJ'fg^lilES 3 7 0^19:^01^3 7 A. 3 7 B*>?>0/n'5 
>><-:J^IS^$iJ^fi^{CigjS^^|i||3 4 A. 3 4 B*>b©<£JiiSt{I^ 

m 1 mmj^mom 5 ^ff^^Jt.c;{>^;{)^-53}t^[MmlJSD^B 3 9 

tUt>^. 7fc&il'>XxA4 0 B©^iii|tj{C(i, ^M«*ijiags 3 

8 3 
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9 A{CfcH^r(i> ±^i^U2 5{Cj;«9IX«9til$tL/i7fe(t^(i. m^Ltz 
ii^tl^^iC, ^%^2 8, K^n'X7^ 2 9 JtO'^S!^ttJ^3 

m\mmmz i AoiSjgM#iHig§3 5 a, 35 B<^r^tT7tiifttS2 

2 Brt{CiS{:rbn/c^j&^:- K^ilcM«^2 4 A©^M«S§2 4 A- 1. 
2 4 A- 2 K^LXl^titn^o 

3fe^Eiii?§2 3^feiii-r57tfi^{c^i;y;Mig5t- K^tfe*^-M«^n-5o 

4 0 B©^i|tt3JC«, ^tScffiTOtP^g 3 9 A 

15 ilHl^tc^ ^7feS2 8, K^^°X7^ 2 9RO'^-Ki^tlil5 3 0 ^ 
^LTffi«»ftii»Jtll^3 lA{cA;'3$n5o 
^iiI»*iS<baiJ®S|5 3 1 A{C:tel>T{i^ ^S^tbS 3 0;{)^^>©^l# 

^ -^WL%m^Z 7©§l5^lall^3 7 A, 3 7 B fC^ilt S^n"^ ^ -^^15 

o^<9. ^||^ai§5 3 0 *^^>® f e (Hz) ^^^M^^^iKLT. 
^U^mm^ix, it (H z) ©/<> K/n'X7^ yl/^ 3 2 A, 3 2B 

(CcbtJM-id? f , , fj (H z) fiSc^;6<-?-n^ntttB$n. 

25 Wi^'^t^mWi^m^Z A A, 3 4B;6^^>©f., fj (Hz)^^<i: 
©{4^Jt«c*^{afflJte^lHlg§ 3 3 A. 3 3 ^\z^K)^^^nV7Ut>tl^o 

8 4 
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-eUr. ^^°7>-^l5^|alg§3 7©^^^[DlgS3 7 A. 3 7 BT'ti. lu 
i^L/^ick^fC, it 8^111^3 3 A. 3 3 B (C J; -5fe^gJ:b^0$§mt# t, 

7*^■iEM©^<^■rn0:er|S!{Cf••nT^.^-5;6^;&<iNJSlJ$tL^ fe (Hz)fijc^ 

^ LT^ M-^^r- K^tfeM^tS 2 4 A©^li^KS 2 4 A - 1 , 2 4 A 
10 -:^^^ry<^ M -^^m<n^-^rL. ^B:M^2 3 -S^MfC:^ 

®Jgg3 9 A{Cj;n{i'> fll3^L/cm 1 ^*feff^Sg©^ 6^fl5«nj©Ji^<i:|5| 

15 M«^2 4 A©§Mli^2 4 A- 1, 2 4 A - 2 ^^n^nifeiZtC^iJ 
liPtSC t{Cj;J9s ii@*A r t^^^^^^ 7 0)^:^3 ^mm^mMX' 

( B 8 ) ^1 nmmmom s ^ff^^ij©ij&Bg 

^iiftlS 2 2 B rtfc^f:^ bn^€'«E€:- K^ticli^Ils 2 4 A©^li^ 
20 ^24A-1. 2 A A- 2^^n^'tm\LiZf&mt^ytii^miyXf-L.t 
LT{d:> 132 9lZ7T^t^ofli:>(Dh^^i^tllo 

CCT\ S2 9 ti/^^B^©^ l||^|ff^.^©^8^0^!l^C;6^;&^-5^tS[^ 
{S*JllSM;6<jiffl$n57i£feii'>XxA©;lfig^^f T'u y ^mX'ibKi 

l^|H|l;<^fflLT^.^5o 
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(b/s) 4 0 G b/s , 1 0 G b / s ^) 03feiiftv/Xf- A 



rmm^tixis^). ^mmmiz^nmmmm^mz 9b. x^«y^^^ 

2 3 <i:7fe^fi1^2 7 ArH^{C*S^^iKg|5 2 5 ;6^b#Hi^cD7fe;&^'|X^9^^i$ 

nr. :»t5:ffi«s^ja^s 3 9B{cA;^$n. mm^'-h'^^mmm2 4 

10 Al*|©A T|i^IS2 4 A - 1 rM^2 4 A - 2 cbtc, >y^3 
8D, 3 8E^^LT. mmm^^<tii:f:-^tl6^'^lcU-^x\,^:h<. tl:^. 
cnb^tJcMMH^S 3 9 BiX-r yf-^^g|53 8i^§mffiiJ{C|SH 

7fe^ft*gi2 7 AfcT^dJ^n/i^ft^oiii^t^^oig^^. ^igirn 

«|2 2 B{ctT-ig3iit-§ck9^j:«{c-r-Sc i fc-e^-S (I1I^^^B§) o 

t Is ^mmmum'^m 3 9 b ru-i^^- k^^m^m^k 3 9 

BJ ^^to 

20 zzx's ^nmmmmmm a 9 b ^^t^ 28, k/n*x 7 ^ ;u 

(f e BP F) 2 9, ^jS^ttigi 3 0, 7.-r >y5^3 8 A, {izSt- 

K^iic*^tiigi5 3 Q^^u^^tthiZs mm&mmimm^z i Bi. 
- h'^nmmBi^z 6 i/N'^y-^^is^iHii^s 7 i-e. mm^- k^iic 

25 *iJtaiSI59 0 d i LT^BlLTt.^'So ntfe. Ctlb^ ^7fe^2 8 , /<>K 
^<Xy^Jl^ (fe BPF) 2 9. ^^i^aifsSO. X^'y^3 8A. 
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-'i'^ ( f 0 B p F ) 3 2 , fir^jti^iHigs 3 3 . ^m-i&mm^ z 4, i& 

5 m^MS:^^2 5A, 3 5 B. A r <S^[5]gS 4 3 . r ^j^lSSS 4 4 SO' 
X^y'^BSB, 38C (fiCffiJt^Hl^ 3 3 ©tiSi^^ay) ^-€-)^i:;tTi|ifiJc 

C ;^'f «y 3 8 B. 3 8 C{d:> i/t^Si^m.^ 7 O^^mm^O^ 

10 g|5 3 8 ;6^t>ai;':^n^*^J^^f•^^Cc};oT^ mW}LX7.4 -y 5^)*^^ "A" 

X^«yf-tU^gP3 8 *>t>©$lJ^m-^*^X-f y "A" ffiCDt^t*. 

feteJtiKlElSS 3 3oai:^«^ reS^IDBSS 7 B {cA;'j$n5i <h fc{c. 
{gJlii^^lS^I 3 4©m;^fi. ifiiilMfifilHlSS 3 5B(cA;'7^ti. r o^ii 
15 i)<UM^n^<iiOicU-:>X\<^^o cnjCjt^LT. X>r y ^t?J^SI5 3 8 

t>©$lJ®'ft-^*<X'l' y^S^T "B" m<D t^it^ fi[fflit^l5|gS3 3©ttS 
A T|S^lHlgS3 7 AfcA^'^^nSich^ifc, (Siiife^igll 3 4© 
fgigiiSitgSgS 3 5A{cA;^^ti> A t oM^^^iJtai^n'S J: -5 

20 IS^lilESS 7 Ai. r^^m-t^rWL^m^Z 1 Bt^m-t^o 

^/•c. A r{*^#[^]|^§ 4 S •K)«9^x.HU©a5H:A t®M^^*^^L> 
$t>{ci, X-f y 3 8 D{i^ 7.^ <yf-tO^S|5 3 8^>«^,$lj^m-^*^"A:^ 
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tRLTt?Jt)^X.r> A tM^^2 4 A- l'viA;'j-^<5fc©T*So t 

10 -dM^r- K^fcffim^2 4 A©^ffiMl5 2 4 A - 1 , 

15 5. <i:l<^9 2 o;&<3^l:{C^f^<^^tl-5o 0 2 9 {C:^-rX'r y 

^mmz 8 {CJ;^9^ SlfeOX-l' «yf-3 8 B, 3 8 C^mm^-it. 7.^ 

y^JSi^ "A" tx^- yf-^g^ "B" t^<. -mommfsm-c^^^^ 

bti^o ccD<h^> $|J®I;&^■^T^j:^tlT^-^nj:l^§Mlt§5 2 4 A-1, 24 
• A - 2©$iJ||j^(i. Av^WM^i 3Xtir^i^ilSS4 4 {c J: |9 tO 0 ^ 

Rjjh2'D<DMm'e- KPaioii^MA zoi&^mm^^. mmi^i^w^m^ 
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cnfC<t «5> ^m^^2 4 A - 1 . 2 4 A - 2 0©jia*<5il3i!:{C 

10 v/7.f-A^iii43(ix>r >yf-tO^S|5 3 8{i. ?^|^^^aif5 3 OOfcB 

©ftiSfflO^»j^E§<'ycJs6{cMm«S:@<b$iJ®gI5 3 1 B $ -ii: S © 

'?-LT. X-r >y^t7)^g|5 3 8 fS. ^iJtOX-r >yf- 3 8 B. 3 8 
15 ^©B^FairHl|iiT'tU<9^X.T. 7feit(f1^2 2 Bi^izmi^i^ntzM^^- K 

^f!:iim^2 4 A©^ii{a^2 4 A - 1 . 2 4.A - 2 (i. ^n^'timm 

20 la^ia 9 Biz j:tnf. mmifz^immmmomemmoi^^tm 
^©f|JJ^*<^ibnssA^^ :jfe^ma2 2 ertjc^itbti/cii-^^- 

fS[?lltll 2 4 A©^li«^ 2 4 A - 1 , 2 4 A - 2 ©$iJffl^B#P^6D{Ct?J 

25 (B 9 ) B 1 nmmmom 9 ^ff^fij©f^0^ 

El 3 0{d:*^B^©^l^Jfeff^«|©m9«^J(cfct:^-57fcfeiiv';^xA 

8 9 
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1 t^-Dmmmm i ^^m LT^.^5o 

aiiiiitB (b/s) 4 0 G b/ s. 1 0 G b / s ^) £D3feii 

Tl^§o c;:t\ K^iJ:li<»^5 4 (iiimffliJtc^soT-. 

9 0 
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fi5 l;&<iS^:^^>nTl^§o ^lO^MM^ttl^SS Ui. 5t^i!B^^5 SIC 
{C. ^3tfff5 8, K/N"X7^ (f e BPF) 5 9, ^m^iH 

lie osof^-i^*- K^tfc«^tbgi5 6 1 ^^4'x.Tiii^$nTi.>'5o 4' 

■^tltiB:mmBLB (b/s) Ojfe^t^ti^fei^^gS 5 3 ^^/h LT^^ftt^ 

15 M&^{c#;ibtLSo 

^V^T. 7fe^iK^[P5 5{CJ:«9. ytBivk^^ B^ift-lXBM^tl^^m 

K^5 5(c,t^9ffi«9tb$tl/;:7fe^^{cS^^.^T7fe<^itS§5 3^aii1--5 

^•f\ 1213 0 iZTr.tm^mMmb Qizj^iQ^ K^tic^iMil5 4 

Tt^^^KJt 7 (1 o^6> 1 txommxm\^mo 

9 1 
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^ 5 9 , ^iK^tt}§5 6 0 ic J: «9 ^ ±taM6^{c:<iig^*- K^ic*<# 
Cf e (Hz) fi5c5J] ©^^^^^th^tl^ K^MM^tli^ 6 

a) . (b) =i:^^^'cm.mt^o mmm^ T T : t^i^^z, t-eo 

lEHtrii?! L /■;<!: ^ 1 #^Ji&i(fi!c^©^J^O^^b*ia 3 1(a) 
KwsL. Tt^ie^iKJt 7 ^ 0 *^ t> 1 *T'©fgH-z?S?l Lfc<i:§©m 1 # 
10 ^m'l^^WL9tO^JlL(Dmt^mZ l (b) {C:^-ro CtlbSS l (a) . 
H3 1 (b) SESA r 0 X{i7fe?^«^iKJt r o ©i^fc. ^1 

15 5 4 0f)f^,^^<iiE»A T=A To X(i5fe^S^KJt7 = 7« in^^J; 

LT. il^«A TX(i7fe^S5>iKJ:b7^^(C*ig{i(C{^ofcJ6(C. 
^y + >^*$|J^al^^fnj:oT^)c^:^<^o -ecD >y + >^'$iJSI0 l^Ji Lrti. 
20 H>i^L/;:Bllllif^B0^5«^J{crg&B3L^c}:-5ni:. ii^^-- 

i^^'-e^-Eo -^LT^ Ill31(a),ll31(b) (C^f cfc-pfc, jl® 
«A rX(i3fe^a[:9-iKlt7^^:^.^A To X{i7o ©/^iaT'^/h^-fb^ 
■y:T (-r^if- U y^J^'^-a-T) . if H<^1i;*:^*^tlitn{^ J; ^,^o 

^a{Cj;n(i\ 7tfeKli^XT-A5 OCD^iif!j(C. ii^|$iJ||lgB 5 6{Cj;J9, 

9 2 
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1 ^ff^^lJ^CfcH^Tt)[5]— ^>n^) -eab^o C©EI 3 2 3fe 

s) 1 0 G b/ s^) ©TfeSft v^Xt^ A-C* So CCD3fe<K^v/ 

JP^T^A 2 1 0 C(i. feit^li^^iift-rSi^ftiSg^St LTCD^ii^tm 

tfej ©Sci^-^-^ffl^SCtt L^ com 3 2 T-ti. r^iigt^-- 

K5>tJ[^i«0J^^S 2 2 5 J it. rpMDMtl^JMj i^g^nTl.^ 

25 

CCD7t^m^ 2 0 7 a{i. {H-^^ljiPls 4 Bt. pj^^i^^- KPam^ 

9 3 
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(Polarization-Mode Dispersion compensation) -5 rTI^O fcOT^>o 
cn^>iizfi^»JiI||4 BiRlM^^-- KF^MM^ 2 2 7 t^^thi^L 
tzhO^^ 121 3 3 {c^t"o 

C 1 / 4 -^gfi^ ( A / 4 ^) 4 B - 1 1 J^O' 1 / 2 i^^^K ( A / 2 

4B-12] ^WL^ cn^);;><^^H5;^)^^>mi!IT'§'SJ:9{cni:oTc^-So 

-^-LT. Ctlt>©§?SS^4 B - 1 1, 4 B - 1 2 fc> Mi)^k>(Dy<^ 
^^-^^fkmUMm^^^^-ytiri^'f-:^^.'-^ 4 B - 1 3. 4 B - 1 4{C 

o z(Dm2nmi^m-^ii^ 'si^mik'e-nm.m^2 2 7©pi^tt^?ij 

fflLT. dtlba. ;S©^^M^- Kfi5c5>;i)<iI^f|fi<J (Dynamic) ir$iJ1S 
$n;S=t 9 {-^AoTl^^-So LT^ a%\Vmi. 1 / 4 -feg;^ 4 B - 1 1 

mw^mn^nfi-^x^^. ^^^(D\^i^\f^ #6^(static)4'{iij®^^ffl 

LTl.^fCo CtLfC^LT. %^^(D\^t>\-i. »l6^(Dyn 

amic) mm^^mL. m^n^(Dmmz:(^^um^'nfir>^oKLx 

9 4 
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z.oummm.2 iz^^mmmma^miA.^ ^^},z^ us zKfrsf^ 

UmW.'E- KP^a@||2 2 7tt. ii3feti-ixX:/'J •yrJ' (PBS) 2 2 
7 a. 2 2 7 d :7feT'yr;f>-^ 2 2 7 b i /j:^T=^m$nT ^,^ 
-So CCDW^IS^S^-- Kr^ji52f| 2 2 7 {i. iiTfeh'-Axy 

15 ^) y^22 1 a{cJ;oT§^&^- Kfi!c^^^ItLT> Rl^TtMig 2 
2 7 c {C<i;^T^€i!^^-- Kfig:^PB^fCiljl^^.#;i/-^{C-^-^-r -5 f'/^ 

-rxi Lras^^nTv^-So ^lx. -yjOfSLH^ii, ^yr^^<2 2 9 

a *i^LTnJ^7feiiMll 2 2 7 c fCTiiJI^^tt T3fe 7 r ^ ^< 2 2 9 b 
(cai;^$nx ttz. mi5<0^^^t%T yy-:^-^ 2 2 7 b{CT^ M^iS 

Z(D^O\Z^ RT^^iiS^:-- Kr^ji}iS 2 2 7 ^fflV^T$lJi)'r'5C:^T^ 

9 5 
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tfz. '^M^mmm^'^-^^^Mm^ii. ^^^B;^>^^>o$^J®^t-t{c 

J: o T^>fk $ -a- 5 C i ;6<T' ^ 5 J: 9 4- 5 o 

EI 3 4 (a) ~ (c) ici^mMom 2 mm^mici}^i()^:h'sjm±mm^ 
(Dm^^to ctl^>opJ^71cii®i^s^i^ °im±mmm2 2 7 cctura 

2 2 9 a , 2 2 9 b {i. H 3 3 O^m^mm^ 2 2 7 c ©Aai;^{C* 
S7fe7 7>r/<fc|a^-r§o SI3 4 (a) {^^1*^2 2 S c^ffl^,^S;5^^, 
SIS 4 (b) {i3-i-- + ^-7'2 2 8 d<£-ffll,^5;^jSx EI3 4 (c) 

10 iiyT4^< 2 2 9 b^^i&-r^;^^^^ffli^s:5^^-e*-2.o 

?^^ 2 2 8 a. 2 2 8 b (i. 3 'J y - h UyXX'^io 
^biC. laS 5(C, *fi&B^0||2||^6J^ffi(C;&^;{)^Sfte©pJ^^ii^^•- 

2 3 o^i. m-^'e- v^^nm<Di^ts::sm^<Dm-mumy 7 ^< cpmf 

15 ) 230c,,230c2.230c3 -i)<mi\KW.M.^tl. AtlMt. 

ih:t]miz^n^'nytx^ y^230a, 230 hTb^^n^eni^ifihtix 

l<^5o cmbO^X-f y^2 3 0 a (X(i 2 3 0 b) ^SU^m^O^i) 
tP{t-^(Cj;oT> Atlitis^^m^t ^PMF 230c,. 230c2. 
2 3 0 c 3 •••(C^< 0-e*So LT. #PMF230c,. 230c 
20 2 , 2 3 0 c 3 mi&^~ K^MA TT 1 , A T 3 , At, 

L> A T I < A T 2 < A T 3 '•'tf£-z>T\<^^o ^ A;'3^ff^©^ 

25 -/fie*- \^'r^mmn^ (M-i&'e- y^'mmm^) 2 3 o m'i&^^M.om 

9 6 
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3 0a (X{i 2 3 0 b) X'^^m^?>7'y<^ 7.t LTMfiJc^ nri<^ -5 d 
n&m 3 2 {C^ o C om 3 2 (C^-r^t!cM$fJia^S 2 2 5 (i. 

mimmmmo^mmmum'^mi (ia. ib, 39. 3 9 a. 39 

B^) {cS*C.-r5^M»ja^M-T?*^T. ^Tfe^l 1. yObON'T. 
10 7^ ^UiS' 1 2, SSit^tti^ 13, a ' p ' At , t^mm^ 2 2 6 

:^rm^^tir\.^6o ZZH-s ^Tfe^ll, K/^°X7>^ 1 2 , 
^^K^mUl 3{i. BU^!iL/rfe©<i:(Hl-CD«^tl<S:Wt- -S^jOnsOT-. M 

t^i. a • /S . A T , IS^In]lE§ 2 2 6 (i. ^^S^tbls 1 3 i}^ihAtl^ 
15 n^{t^;:)^^,MS/i:$lJ1^<&^f^d:oT^ 7tSitm2 O 7 a(^(C^,-5^MJ 
fPl5 4 B<£-$iJSll-r'5 fc©T'*oT^ C©^i^^-- K$iJtS|:^tl{i. CPU 

f)^ihmm^tlfzB (b/s) ®^{f^{i. 7t:aii^3 {Cfc{t-5x ATr 

#^ 2 0 7 a^tAtl^n?>o ^LTx ^^fttSJ 2 0 7 a 

H 4 B jo^,^T. 1 / 4 W.S:U 4 B - 1 1 RcX 1 / 2 ifi^gife 4 B - 1 2 

@^Atc J&<4;i^)ti, *^-^Az•c ^RJ^T^-SW^M^^-- Kfeliiili 

25 ^ 2 2 7 ^ffli.^Tii-^^- K5>ti(M$n§o ^lt. mm^titz^m 

9 7 
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1 2{cfc^,^T. f e (Hz) ©i^-&i(B!o^*<tt{ii$nT^ ^m^ium 1 

C©§^E^ai{-*)H^T«^ t v h h©^^0 f e =B/2 (H 
iS • A T c iS:^lHlgS 2 2 6 {Cj;oTx A/ 4 W.(D:^iiLn a , X/ 2^0 

{i^'+'il^JcESL. ^fI®T'©{iS^t- K^tJ[fi^;^aiLT. 

e = B/2 (Hz) l&^^^=^m^^?>-:^^l.i. NRZ-mmo^U ibt^ 

15 yhu-K feiiigii, m^^^y t-^ y hmo^^m^iz^^mm 
(CI) ^2 mmmmcDm i «^ij©ijiHj 

mm^htz-^?>Zt^<X-^?>o us 2 <^:(5l-©;|ig5c{C:fel^T. 15J«^^^ 

9 8 
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WO 99/28723 



15 



20 



25 



^^^.^ ^^««M«^S 2 2 5 «, 
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CitCckoT. f e (Hz) ^^^&*<i^i^Ltzi)^mm^H^ (7. 7" 
•y :/A 5) o - m:kLfzi^^izii, YE S;b- hlf)<t ^n. 

mmMmmm2 2 bn. i5ii:;^iBi{ca<^iiii;^ij^a m-mit^^. mic. 
5 m{i>itzm^\^it. Noji-hif)<t'hti. ii^nmmmm^m2 2 5{i. 

f e (Hz) fiX:9'3iS/6<li;^L/•c;!>^;&<^fljSlJ$n (;^f-y>^A8) . mi^ 

10 <£-|5lL:^iJ<?^a 1 -e^'fl:$-tt'5;i><. a <&^'fl:$-ti--5^f^{i, f e (H 
z) ^^?^«*^-^{i>^S^T-^(:^t>tli. (7.-r«y:/A7, xf-yfA 
8) o X-ry -/A 8{Cfcl,>T> f e (Hz) fi!c5>3^S*^'ii:^ Lr^r^nj:^<^ 
Ji^lCti, ^ictf mflJtS^M 2 2 5 NO;U- h^ior> a©$lj® 

15 ^5i:{c. :JJM«$iJ®SS 2 2 5(i. )8 cD^Jtp^Iil;ii^c^f ^.j: 9 o t''<£t> 

Xxy :/A 1 0 tC^Jl^T. je^^<l:$-ti-y;Ci:{Cj;oT> fe (Hz) 

^^^m^<m±itzt^^mmt6o cc-e. li^^uz-c^^icti, yes 

20 2 2 5 {i. |SIL::^[S]{Ci9<£-|Hll;^J^/S 1 T"^'fl:$-ti-<5 (Xxy ^A 1 

;&^'ibn> ^nmmmm'^mz 2 is^^^isifc (xxy:/A id. 

A 1 2) o -^-LT. Ts'rv'f K 1 3{::fcH^T^ e (Hz) ^StJt 

25 *^"ii;^LTl>§*>i-9;i)>;6^"*ij^^n. COXx «y ^A 1 2 . A13©M 
Xf->)/^*<^J3ig$n. i^Mf e (Hz) ^^^^t^m^ttlh^o 
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(Hz) fiSc^>5ts*<li;^L4^^^i^(i, ^mmmmmmz 2 5{i. n 

^IS^L> A T<£:^^b$■^i•fcC<!:{cJ:■^T^ f e (H z ) fi5c^^S;6^'±i 

YES;U- ViJ^t^tl^ ^tJ:ffl»J®^a 2 2 5(i. Ill A t <£■ 

|i^i;glJ<?^A T , X-mt^"^^ (^TsT'-j'fk 1 7) o XT-'y:/A 1 

fi2 2 5 fi. i3*:^(p]{C (Xx^y^A 1 6) > A t <^ [li b ^ij A t , 
^k^-ti". I5l^{c, HtLI^A T^^^t-S iT^^-j-ZtK 1 7) o -^LT. 

1 StcfcV^T. :SjKf e (Hz) ^^SSS^^ii:;^ LTl^§*> 
<b'9*>3i)<*ii^^n> It CD YES;U-h^i^. 
15 -/Al?. A 1 8 ©i^Xf-'y7'*^"i^*9ig$n<5©-e*)'5o Xx-y 
■^Al 8{cfcn>T. Ji-«El^f e (Hz) ^5>^«*^ii;^L/j:i,>Ji^{i. 
^f(Mf«0Jiail^g 2 2 5 {i. NO;U- A r ©$i|tai (^ 3 
^- K) <&-S*^7L> as 6©®c!:#L/•c;^^<^i|lfitT^ 03 6 ©X 

20 C©J:9{-LT-@©0Jtaif-r ^';l/;&<3^;bt). SO? a *^b^>:0$lJ^2l*^■ 
|5|^{c^< ©T'*)So cn{cj:«9> MM*- K^iJ[*iJ^S(5 
ta^M 2 2 5 ) iS'&$lJ^|§ 4 B 1^© 1 / 4 ^^S^K 4 B - 1 1 ©;^fir 

ftRa' 1 / 2 4 B - 1 2 (oij^nmrnzmm^e- vf^mm^ 2 2 

7©iij!S*-- KP^ilgEam>-fn*><J:. m l#^jiMfijc5>©®S;&<1i 
ii^«©9t»©^l9©$iJiai/N°5^ -rJ'(iHSLT:fo<^ l$iJiP*- KtC 
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- ^ 1 ')&m^ii^(D^m<m:k i -s J: 9 izmit $ -ti-. 

t^t:tf>0WM7u-i-^- h'^^t (^cCfe\ ^3. H 4 ||iifeff^tgcD*j 

19:^^- Ktc^LTlis HIS 6, 3 7(C:^L/i7o-f-^. - hillJ-^T 
20 C^xy "/B l~Xf-y :/B 3) s '>XxA^iit|30 h 7 «y 4^ > 

l-';^xy:^B3) ^ Xx-y :/B 4 {C*JH^T> *-f> aOU^^^t^o 
25 ^LT. COa^|^'fk$-ti:fcC<h{CJ:oT^ fe (Hz) 

:kltz^^tm^i\^n^ (Xf-yT'BS) o CC-e> f e (Hz) fiJc^^ 
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m^MM'e- V'^mtit>tl^ (7.f-yZfB 4~Xxy 6) o 
(Xxy:^B7) > :^-r>y 8 {C*>^,^T^ f e (Hz) fi£^?^Jt*<ii 

*^{-^ :JJti[ffi^I$IJfDSg 2 2 5 {i. A z-CDM^^lJ^A zX^mt^-it 
(Xf-'y^B 1 0) ^ Xxy ^B 1 1 lCfcH^T^ f e (Hz) ^i>^^m 

it. YE s;b- h^t^. miz. m{pLfzm^izit. no;u- h^&i*) 

X A T <Dm^i^:^\^Km^t-^'it^ (Xf-y -/B 1 2) » ZtHZX^O. ^ 
6*lJiI€-- K3&<ft)'d:t)n5 (Xx'y^B 1 O-^Tsf-y-fB 1 2) o 

coma 8 {c:^L/'c$fi^:Sri*(i, ms e. 3 7 (c^L/::$iji^:;^-^{cjt 
(^nmmpvmmm 225) mmmm^ 4 b rt© 1 / 4 ^s-k 4 b 

- 1 1 0:^^nRZJ^ 1 / 2 4 B - 1 2 ©;5'{fir^it60'{C^tg^€-- K 
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( c 2 ) m 2 mmmm<Dm i mmo^B^ 

15 D/6^{c^f^i:^'^ *iJtS3i^^2^fflc^/c$ij®]^ftnj;9 fcOT-4)§o com 

3 9 (C^^3fefe3^'>Xf-A 2 1 0 D fc. B#^iij^fi7^^^^ffl L/i^EiH 
iiiSB (b/s) 1 0 Gb/sH) O^amv'XxAT'abSo 

;i©7fefejl'>Xf-A 2 1 0 Dfi. [2 3 9 {C^-Tct-^fC. ^mitU2 

^^im 2 0 7 attf<^&mm iBmy7-(^<) z^ift-iTmm^ntz 
20 t>©Tab'5. ^mu^^^^mmm^m2 2 5 a*^^^tbn•rl^So c 
tih>(Djftmmu2, ^^mm2 0 7 a, it&mmzit. ±mLfzhot 

r^tfej <^:^.^9#m^^ rigig^^- K^tJcj ojtl5fe-e^^ffl■r'5cic^:t 
25 z<D6^nmmmmmm2 2 5 at*. ^Ttfii 1 k/n°x7^ ;u 
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fs. fa BPF) 232A. 232B, 232Cc!:. {i^Slt^ 
HIES 233A, 233B, 233C<i:. aWc^Jsi^ 2 3 7 A, fiWt^^ 
g§ 2 3 7 B, A r c IS^ESS 2 3 7 C t> {S)^Z^fi«I51!^ 2 3 5 A. 2 
3 5B. 2 Z 5 Ct. iS.mm^^^2 3 A A, 2 3 4 B, 2 3 4 Ci^ 

2, ^at^fclilll 3«. Hui^Ly-cfe©<h|lI— ®*itl^W1-S t>©^i:®T'. 

t-f > K^^'X7^ ^WrJ^ 2 3 2 A, 2 3 2 B, 2 3 2 C«^nen> 

' §tjK^^a3^ 1 3 {::T=^ai$n/::ll l^lt^iSM^fife^ C f e (H z ) fiSc 

10 c f . . f*. f3 (Hz)fi!c 

^] ^tfith-ra t>©-e*)'So ^/c. {iLl@i:bl5[Hl?S 2 3 3 Ati. /<yK^^° 
7^7^ ^l/iJ' 2 3 2 A{CTadtl^n/c{£Ji?Sm-^fi&^^^Jll-^^^^2 3 

^ 2 3 2 A{CTjftm$n/c{Siii^(t^fife^3i>^^<i:nES<l; 9 
15 tc. agi^mgS 2 3 5 AiC*J^j■S/^°^y -iJ'iS^^SriSl-r^ ^j^-e^^o 
&ffiJt««lnII^ 2 3 3 BS: 0* 2 3 3 C{i^n€'n. A;^{ftiJ*^-^< > 
2 3 2 B. 2 3 2 C fC^jS L T*5 *9 . ai:^«'J3&^ 
(5]g§ 2 3 7 B, A riS^[H]g§ 2 3 7 C (CjPtJo LTl.^ -5 o ^ "^f-N "19:^ 
1111^ 2 3 7 A. /8|S^lslSS 2 3 7 B. A r c ^^EES 2 3 7 C ti-etl^' 
20 tl> fi[3|eJt«^Ii]l^ 2 3 3 A. 2 3 3 B, 2 3 3 C A> «a> A:^ $ n-SM-f-*^ 

$ 5,^::. ig;ii&*«[H]SS 2 3 5 A. 2 3 5 B ii^n-e'n. aIS^[5]j?§ 
2 3 7 A. iSift^lHll^ 2 3 7 B;&>t>m;'3$nS a^S$«JtSU{i-§-. 
$il®{t^{-> -fSigS[^Jg^ 2 3 4 A. 2 3 4 B *^ C A:^ ^ tl-S ^fclSS 
25 ^tlfcHlT^O^Iili^m^ (f Mt^. f 2 m^) ^««-i-5Cl«!:{cJ;»9 



1 0 5 



wo 99/28723 



PCT/JP98rt)5336 



A rc tkmM^ 2 3 7 c*>btb;'3$n5 A Tc tkMmniimz^ 

2 7^$lJtSPt-§Ci{Cj;«9, ±iefeii7fe{t-^©iii&^r- K^tiC CD 

sii«Mji^b$ii«gigB2 4 i^^t£^rm^^nfz:i 

::Oc^;9^C^B!c^CcfcoT^ a{c|5LT(i. afS^Egl 2 3 7 A;i)^^,® 
15 aUmitm^. i&mWL^U^ 2 3 5 A;&Nb^l:'S)iSj^&f i (Hz) © 

iin^m-^ti. ^mm^-^ntz'^i. M^^mt e (hz) ^^5fe«*<ttai$ 

n^m^&,i)<rff£t>n^o acDm^m-^WLf e (hz) ^^^mwcM 
MMii.m'^'it. mih^ntzmmmf e (hz) ^i>^^mi)mmmf . 

20 (Hz) ©^^^^bfi£^^^^f-\ aCDM;6<SJiteM*^^>•rn/i^i^{c. 

f e (Hz) ii^^&ommmm^itmmm . (hz) 0fi5c^;j)<^n'5o 
.koT. f e (Hz) ^^^mt^<hmih-^n^m^m . (hz) ©fig 

25 ^©gJc^j^c!:. fgii-isiTiis^ 2 3 A Aii^ ihoi&mmmm . ( 

Hz) ©{4^BJtiiB^^{4^|J±6^[p]gS 2 3 3 A J; o Tff ^©ig^tf 



1 0 6 



wo 99/28723 



PCT/JP98/05336 



i^&m. 4 B - 1 1 j^o' 1 / 2 mSiU 4 B - 1 2 oy^itn^tfiz 
^<mtt£?>xoK. ±Ed.(Dmi^mm^ A bi^© 1/ ami^a b - 1 1 

1 / 2 -^fi^ 4 B - 1 2 (Olo&.nt&tJ^KmW.^- KFalilE 
f 2 , f 3 (Hz) X''Sk'\'^^Mi)^'n'^lt>tl^<Dl:^ f e (Hz) filc^^ 

(C3) m 2 mmmmom 3 mj^m<D^m 
1114 o(i^ ^m^Mom2mmmmomzmmKi}^^^^^ii:miy7.v' 

©r'*>So ^aiJl^^l;{>NO$iJ®^^2*?f4'-? fc©-e*>-5o 

C©|EI4 0 {C^t^fefeiivXT-A 2 1 0E^>. m^m^m:&^^Um 
ItzBMMmB (b/s) (^J;i{f 1 0 G b/ s^) ©jfeiifti/Xf-A 
T'&^o C©7fefeiili/Xf-A2 1 0 Eti. 7fe:lfHi2 ch^ 7feSft^2 0 
Tai^^pfefeiiSS ({Eill7r -r^^) 3 ^/M T^f n/r fc©-e*) ^) . 
^{ffflijJcPMDMSimgP mm^e- K^m^JligR) 2 2 5 b;(><^{:l-t» 
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5 c (Oi^^^mn^m. 2 2 5 b (i. S^g§ 1 1 i . > K^N'x 7 .f ;u 
^ 1 2 ^Jt^^tb^ 1 3 a ' ' At , fg^agS 2 

2 6 i^'eni:;iT^i)?S$nT^,^-5o CCT\ ^7t^ 1 1 . ^<>K^n°X7 
^ 1 2, SS^^ttligl 3 (i. Bui^L/-c^)©<!:|5l-Olitl^Wr'5 

10 a ' ' c IS^Is]g§ 2 2 6 {i. 4 B i pj^iiift*- K 

mMmi^ 2 2 7 i^$lJfPL9'St)0-eab'5o tUt>^. a ' ' At , 
nM\3]^ 2 2 6 {i. 5lJS^tB^l 3;^)^e,A:^$n^^^^Ccl:■^T^ 

{1^ 2 0 7 & p^K^^mf&un^i B^<D I / B - l l©:i^ 

1 / 2 -/SSfe 4 B - 1 2 KPsliiJI^ 2 

M^- KrBi3iEi§2 2 lommmArc (Dmrnit^rfuoo vt-^x.'^j 
25 «iigp 2 2 5 hizmhtLT. ^<o^^m'^o^ajmm/^'e- \^ysmmmi' 
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(c 4 ) B 2 mmmom 4 mmmomM 

10 1114 l«*^BJ©m2||^feff^Sg©m4^ff^^J^C;6^;)^a■>Xf■AM^ 

■r^^n^y ^mT-ib-So com 4 U-:^t7fc<iiiv/XT-A2 1 0 Ffc. B§ 
^iiJ^fi:5-^^S^fflL/::&iiiiSB (b/s) (^^J;t{f 1 0 G b/ s 
^) OMIf i/X7^AT-*§;()^ Rl^^igt^-- KrBlM^2 3 oi)mm 
15 fflOATc <&ffl<.^/'c^^^<£-^oTl>5<!:C6*^"El4 0{C:^L/ci^Xf-A 

:L(DitBmvxf-i^ 2 1 0 F(i. ^mim2 M^im2 o i bt 

20 iz^nmmmmmm2 2 5 c;&<!s:{j-cnTi^5c -eix. co^^ftts 
2 0 7 b«. mmmmmA Bt, \'yBm^m2 z o 

Um'^M.2 2 5 c(i> ^^mi 1. K/^•X7^;^i$^ i 2. ^m^^in 

^13, a . /S^^lplg§2 1 2^^/d:;iT:ilfig$nTl^-5o ttz^ Z(D 
25 1114 1 (c^^a . y9tS^Il]gS2 1 2 (i. f e (Hz) ^6^^^t<M:i^iZ 
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i^xf-A^i!iBijOPMDit;^;©aij^(i, coTfefeiii/xxA 2 i o F 

1 d BJ^T^<5iiRrtg0^#<k LT. PMDiiit;'7;6<A T 
^©^> 5>ftffim$IJ®igg 2 2 5 cti. nJifii^*- KP^ai^^ 

2 3 0 (DmmmA z c ^T-Ar,,B <Arc <2At:<,b OlEfflfClS 

^l^(cs/xxA<£-^#-rs^«c{i, ^nbia4 1, 114 2 ©cb 
^ L t * aiHi^ *c If A L r ffl I, > b n 5 o 
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EI 5 1 ^ffii/^ri&Bg oi'^^z^t- kFh^sm^ 2 3 0 (DMmmA r c 

*<T- A T ,dB < A T c < 2 A T ,dB ®$affl(CfS:^$n'5SS^i^E-^'i> 

5 Cii-^So 

t-f. 1114 3 5^a\ JilT®^ (4) *>t>S; (9) ^ffll^^T. 
K^tJ[M^ffi® PMF 2 3 UCctoT. -(iiS^- HTaltCilM^A T c ^ 

X-rA2 1 OGfc. L^feilliiJSEB (b/s) 

OGb/s^) ©7fe®it>'XT-A-e*)o-C. <Kill8SO<i2S* 

- K3>t^(^ffi«-r'SM^Wt- ^©TfeiEiivXT-i. 2 1 OGti^ it 
15 it(i^2 7feSfim 2 0 7 c iT&^Ttfeilli^S (iKiH 7 r-r^^) Z^^t 

i^^yy^,< (PMF) 2 3 1 is 7fe^iK^5 7tSmSI56 t^^^i: 

20 cnt>»Cj;^. 7feS{im 2 0 7 c{Cfcl<>-C. ^ft^ti. -Higt^r^^ 4 

B^iloTs PMF 2 3 1 \zKti^fl^o C CTn 7feft^{i> il^S*- 

b>) . :)t^iKSi5 5tc-c5>iK$n> -:5r©^ft^ii. Tfe^mase-e^^M 
s$n. */cfte^®^it^«. ^tfcM<«^r^^S 2 2 5 d©^^'> K/^•x 

25 1 2 ^C*iV^T> B (G b/ s ) ©{t-^c7)'^-X/<> KX^^ h 

;U«t«©fe=B/2 (H z) fiJc^?iSS*^"^bb$n'5o 



1 1 1 



wo 99/28723 



PCT/JP98/05336 



10 



15 



20 



25 



{i^ (5) (DJ^oiCK^ h>'US^T-§5o 
A(t) +j • B(t) 



(4) 



(j i.mmmm 

TT • (A(t-A Tp ) +j • B(t-A Tf )) 



P = 



(5) 



,V ( 1 - r ) • (A(t) +j • B(t) ) 
$ bt-. <iM*yiaf5 4 BF*30 l/4&g:K4 B - 1 1. 1 / 2 iSgiK 

^^-\^(o:^'$Ln^^^ a, ^ (7i^T» iUfcJi^. 

4 B<S:igiiL/=^©pfe»(i. ^ (7) , ^ (8) T'^t-^f J; fr) , 
^ (6) ©cb9 4'^f^iJft»Tr5^i6^>ti-5.o 
R = H • Q • P 



Q = 



H= j 



1 + j • cos(2 a) j • sin(2 a) 



j • sin( 2 a ) 
cos(2 yS) 



(6) 



(7) 



1 - j • cos( 2 « ) ^ 
sin(2 /8) 



-cos(2 y3) 



sin(2 )8) 
'C(t) +j • D(t) 



(8) 



R = 



E(t) +j • F(t) 
-etTx PMD^imfflPMF 2 3 1 {cJ:oT. M^^^r- KP^fC; 
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Arc '^^A.ti'^CDj/ti&mii. mmi^^ (9) O^oi^^^tl^o 
C(t+ A Tc ) +j • D(t+ A T c ) 1 



R' = 



(9) 



^E(t) +j . F(t) 
5 zzX'im^<Dfz}6^ BM^oMi&'e- V^no f a s tlii PMF 

^i}<m^Ltzmi^jz^^Th. a (Qwp.) . iS (Hwp) ^m^t ^ 

iklZ, EI 4 4;&Mi|lI4 7<£:ffll^T^ 2 0 GH z mH^^mOM^m^tii 
10 Za, fit, T^mnmOMi<mi}^tii?> a, fi tibm-H'^ ^ Z t^Tp: 

*^T. mmi)<a (QWP) -e^ S^li;6</S (HWP) T^tJ^ Z 

1^4 4 (a) , (b) it^nen. mmMA z c i)<o (p s) (c^fctj- 
15 -5 4 0 G b/s ©NR zm^{->pJ•LTcnt)©$|J^^B^^^•nj:cfcJi^©a 

(S : degree) . fi (S : degree) ^zS^t6. ^M^- 7.^<> \^'m^^ 

©2 0 GH z mii^^mR:f^mm^(DT -fmnm^TTsto c:n^.©s;(>^ 

2 0 G H z Sic^^^©«:;*C CEl 4 4 ( a ) ©^i^ll©]!;^. 

20 CIEI4 4 (b) owMmomj^. ii)^i^8^nitzmm) ^^A.^a, 

mmz,m4 5(a), (b) {i^n-etl^ iiE*A r p ;()s-5 (p s 
) (C*J{t5> K{i-t4'©2 0 GH z^^^ftsto'^fiig? 

25 JF^©T-riSP^-e*>«9> IEI4 5 ( a ) ©^if i^©]I.^©tfirfi i ^, 7 i , 
1114 5 (b) ©^iii^t©]I^©{iS 1 ;6Nb 7 t^&^-ijLri^^o EI 4 6 
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(a) . (b) ii^tL^'tl. MMMA z ^ i)< 1 0 (p s) izis^f^. ^ 

T*«9slll4 6 (a) ©^^HOIi.q^CD&a 6 i^ 1114 6 (b) 

5 ) . (b) It^M^ti. mmMAr, i!)i2 0 (ps) 

K^^4'0 2 0 GH zfi£^^iP&0f^{t2ftff^©T^§^P;KT$> 
i9s El 4 7 (a ) 0^i^^©]I^(7){41 1 ;{)^ b 7 i . EI 4 7 (b) CDI| 

cnbE4 4 (a) , (b) i)^i^m4 7 (a) . (b) (Dt^TOM 
10 ^^^>^ 2 0 GH zfi)c5>?^ft©*;^ • a, yS ©|a,?^^t)^i■ <!: ^ 

NRZm-f-©^4'G>-f\ 4 0 Gb/s OTDMW{CggLTt>> 

2 0 GH zfiSc^3IS^ffl^,^fc*lJtI^^f^<^:9 c<h;&<T'§-5c<t3{>^«||ST-§ 

^Lr'd:iz,m^8 (a). (b)S.O*ia4 9 (a), (b)^ffll<> 
20 7-r§lp^:h;Uf-^ {co^,^TiteB^-r -So 

EI 4 8 (a) 4 0 Gb/sNRZ^t^<£•ffl^,^Tfeii^^T4'o/cc^: 
^©^^8^^- K^t![Mab*9/ML©Ji^0. fEitSS P M D J* 2 0 GH 
zfig^^S©lt»ltm^^■rElT'*^9^ Mfl4)f9©;?i^ ?il»ML©;^ 
t(D2mmf}<7fi^nx\.^^o tf^. ::©E|4 8 (a) (Dm^U. fei^gS 
25 ©PMD A T p 2 0 G H z ^55-?^JK ©«;^M^ 

^LTl<^'5o ZZX\ Atk (i&itgS©jl®*^a-rt©-e^i9N 
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t^o ttz. m4 8 (b) li. m\:<B:m^PMD^T, cm) *fT 

PMFOMi tT(i^ A Tc = 1 0 p sSO'2 0 p s ;6<IS^$nTl> -So 

SiiM {C S «t 9 {C|9:^ $ tlT 1/ ^ 5 o 

Cnbll4 8 (a) . (b) cdJ;9«C^.Atc =1 Op s ©Ji^^ 
3^g§PMD/(><A T r =0 p s -e(i> a = 4 5° *>J;a';S= 2 2. 5° © 
a^^t>-ii-0<i:i{r^ 2 0 GYi z^ii^^m^WL±tU^ (SI 4 8 (a) 
10 . T-rr?^P'<^;l/T-^;&<ft/jN-fiO ci:'^d:'g. (04 8 (b) #BS) „ 

c:n^i^ ii&$ijtai§5 4 B(cj;ot> pmf2 3 i\zKti-t^±mm)^-. 

PMF2 3 l©ii?^i«i:^fS)<i:-i(L^iiig|^i3fe{C^d:-oT».^<Sli^{C3|e 
^tSo C©ii^. PMF2 3 1 ©<i«^t!![©J^»^^t:r<S 

15 cn{C^LT^ fE^I]^PMD*<A z: F > 1 0 p s ci:^55';^§ 

a; = ^=0 " ©i^{c2 0 GH zfiJS^^aP7&<^:^<i:ni:^ CEI 4 9 (a) 

PMF2 3 1 ©slowtttc-iJcLx slowtt<&ili§L:fc^0<i&:;^|pl*<PM 
20 F©fastfi{C-ifcf ^t^l^{cmLT^.^5o i^^i LT^ ^»*<|| L 

?I^atp -atc ©^-^^Jtic^^tty^it^i^ch-sscL^ atp (Dfmm^ 

^ UTs Ops<Atf <10ps ©4»F^lBffl©ii^{C«^ A T p ;()< 

25 -^^^^0-4 5°. ,8=2 2. 5 ° ;!)Mi> a = )9 =0 ° -viig^fi^fC^^fbl- 
'So ^om^. c:o|lI4 9 (b) ©J:9fc. 7-(mo^±Jlf^ (iO d 
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B*^b. Atf = Arc / 2 = 5p sm^OX'^i^t^ ^(D'^m'PlXA 
Tf = Atc =10ps T'SO'O d B{C/j:§o HI 4 8 (b) icMoT^ 
?i{ifflPMF*<A Tc = 2 0 p sOii^fi. Arp = Atc / 2=10 

5 <J2;:^,^ATF ©lEffl-eii?^^-- K^t![<&ffi^-r'5/iJi6{Ctt, Arc 

*/c|5^^{c. III4 9 (a) . (b) ^-€■n€'n^ 4 0 G b/s OTD 

f^itg§PMD A T F ^[^ 2 0 GH zfiSi^^Si^ feiHSSPMD A 

15 ikKs WcM^lA V <DWLMmm<D-^}61j^m5 0 (a),. (b)<&ffll,^ 
rmt^o con 5 0 (a) (i. SMMAtc *<*/hc?)Ji^0{i:§|g§ 
PMD*fT'l'MP^f-;I/T-^ 0g|«<£•^•rlaT'*^?^ EI5 0 (b) (i. 

20 tzmX'^^r^ ;^i^a*5J:i[;;^j^b-^^$n/ifc0{i> iixS^-- K3}ii[ 
Mlt^^^SSl-^iiO^ife^r- K:9-t!({Cj;S^^;l/x^ (PMDA z 

25 Sis PMDit;^ (S;^fF^IS/St- K5^tJ[l:) {is C ©m 5 0 ( a ) . 

(b) ©At mm) *n d BT-^^n-So f^^. 
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5 lj-mrf^mLfzmBc'S:^'oX^^?>o ^LX. O <ArF <Atc x\,t. 

;()^'*)-So cfcoT. III50 (b) OXoiC^ Atc LT{i. P 

C 6 i ^<£ S o 

15 M;tSJt^{c:(iMMfi^{ciSffl-e^^<£<-^o COHfe^EIS 1(a). ( 
b) ^ffll-^TiJfeB^-r'So 13 5 1 (a), (b) t*iiJl»A r rJ'-r A 
xa.y h^M^-5^^<&|{&H^i-§EI-e*«5> C©I115 1 (b) {C;^^- «i: 
9{C^ ATp;i)n:$'-^A7.o<yb (2 5ps) J:^ IQ i^"^ < ^ t . Ar 
T = Atp +Atc (Dt^iC^^^^miJ^MLi^ttl^^^ihXii^o irf^ 

20 ^5 1 (b) {C*>H^T. <ii&^- K^tfeMI«^©^PMDS?{»<A 

Tt = Atp + Atc i^ci^a, ;3©ia<?^^t)-li-©li^O:^*^N Att 
= Atp - Atc tU^a, fiCDm^^tf^^CDm^J^iO. mV^it^^i^ 

fzibX'^^o 

25 X-oX. Atp = (l^-TAXD-yh) ^ii-^-t- K:^t^ffi{S^^T^<i: 

oM'i&'e'- \i'ii^Wim<Dmi±^t-t^t. 1115 0 (b) ©cfc-pic. ^ot 
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^HAzc = (l^'TAj^Dy h) - (PMDH;/3A t ,,b ) i^'So 
■r''«i:t>t.^ iife^-- K^MSI^as 2 2 5 c (1114 *:^fp 

• ^ikm\£\^2 1 2) ^-e/s^Sch t fctc. ^i^^E^tagu (^i[<^tij 
ihntzm^mm^ 4 BRt/mi&'e- \^'mmm^2 3 oo9*>©{j>^j:< 

<i-i^^:- KFBliijai^2 3 OcDSjiaA Tc 1 iJ^'T AXn.y M>^>* 

Mi LT^^$ns±RSMJ6iT©M{ciS:^LTl^;5C«!:fc/j:5o 
iiZ^t- K5>i[$iJipgU 2 2 5 c;&>\ i/ 7.7- J^Um^K^^i ^mW.'^'- K 
P^ii^^ 2 3 0 ©ilj^»^±pg{gX{iTPSMfC!S^LTfei;l>o 
15 IJcMoT. :^ii(ffi{|©Jt®Sfi 2 2 5 c(i> ^>XxA^#HU 

{C, ^l^©^aj||'>Xf-A-C'ffl(.>Sfc©i|5|i;ii^{t1^^fflV>T. PM 
Dit;/3^ffliJSLT. m^\-i. Ki-JUf-^ 1 d BJi(T^feillRrtl©»m<b 

5 c{i. RjMiSt- Kr^jgEll 2 3 0 ©aE*A z c ^T-A r ,dB 
20 < A T c < 2 A T ,„B ©|gH{Cig^-t->So 

c©J;9JcLT> iiM^-- K5Jfc©ffi{I^{4^^luffllS|5gT«ii{l:L> 

tz. PMF2 3 1 zmm) (D^ofm^mw.'e- hyi\mmm^(D 
ft^i^fc. Ri^^^*- KfBi®5^^ (IEI4 10m) ^m^'Tmmt?>m 

19. or'^ilji^^©iiM»A z: c fe3iig§©PMDaA T p iZ-^^ 
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5 (D) :i^m^M(Df^zmmm<Dm 

ts;: eh it So 

15 iili[B (b/s) (I^!l;t(f4 0 Gb/s^ 1 0 Gb/s^) ©7fciift'> 
25 M^t^o 
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er^i^lj^^-- K5>t!i[li^^ 7 4 Saf&S^tJ[ffi^f§ 8 3 ^mt^ fc© 
10 tr*)f9> §7fe§5 7 8, K^^°X7^ ^UrJ' (B/2 (Hz) BPF) 7 
9 A, K/-?7.7>f CB (Hz) BPF) 79B. ^^1^^^^ 

OA. 8 OB. mm.=t-\^^^umu2 1. -^g^^Mjiaii^ 2 4 o<^^ 

B/2 (Hz) BPF] 7 9A{i. ^lok^^l Z ^i^LX^mm^Kil 
fi5c5} CB/2 (Hz) fi5c5^) ^^^t ^ . ^I#^ii«fi5c 

-eUT. ^^^aiSi8 0 Ati. K^^"X7^;^^ 7 9 AJCT^tti^ 
nyi±§EII 1 #^ii^^iji[6!c^©§^i[(co^,^T©tf$g^:^tllt-'S ^j©"^-* 
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10 -:^s K/N°X7^ CB (Hz) BPF) 7 9 B {i. 

h;l/43©^2#^ii^iilJrg5c^5- (B (Hz) fig^] ^S-i^tb-T'S fc©T-*) 

15 T(<^<5o ^S^tbSlS 0 Btt. K/N°X7^ 7 9 BtCTJ^Bi^n 

^2?iS^aiSI5i LT^t^LTC^So n£*>\ C O^^Jt^^aill 8 0 B 

LTfcb;': L 9 a i: 9 {c L T cb l^o 
20 2^S^tS[$iJiailfP 2 4 Oli, ^^;^ai^8 0 BX'^lH^tltzm 2 

M:^nm^mmt?>^(Dx^-^r. w.§:^w.m^ih^s i b, ms:^m 

CCT% MS^tJ:»^tt}?B8 1 Bti. SSS^iH^S 0 Bfcxi^tii^n 
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5 zommij^it. m2^^^tii^ (^m^m^s ob) xi^m^ntz 
10 (c^<£oTi^So ^d:*i> ±mm2mMBmizisuxmMmm2 =^ ^mi^t 

^n=es:.:$'m'^^f iLT. feiij^jKB (b/s) tm-m'/&Wi.B 
15 (Hz) ;&^■ffl^,^^>nS-;^. PMD^-jJ'JizSiKf PMo (hLTlifeitig 
BIB (b/s) O¥^0ji^IJ[B/'2 (Hz) >6<fflV>^>nT*5fr). ^tl 

20 2 T'/j:i^ss{i. -igsc*- h'^mm^nf£oiB^Jhm (/<>K/^°x7 

'f>'U:J^7 9 A. ^^^tttiilS OA. K^ti[$ijfP^ 9 1 ) 1 

y 7 9 B, ^ft^tti^s o B. WL^^'mYW 2 4 0 ) 

Hl^^i^xSM^^tHgU (^<> K^N'X7^ 7 9 A) 
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^ 7 9 B) ll2#^i^iSiJCfiJc5>i LT. f >y h - H {eight- 
's i^j^iiC<&^t±i-r cfc 9 {C^f fife ^ nT*J «9 ^ 4 0 G b/ s NR Z:^^© 
5 Ji^^ f GVD = 4 0 GH z , f PMD = 2 0 GH z {C|9:^$ nTV>'5o 

4 0 G b/ s N R Z:^^©J#^. f cvD = 4 0 GH z ?^je3&<@/jN(r, f 
10 PMD = 2 0 GH z§^Jg;i^>5:^{-^=fac};9{-$iJiP^n(i'ckl^o 

^ntzBmmmB (b/s) (D^mmt^Bm^i 3^^LT7feS(tm 
15 *;^tbiss 7 1 {witaj^nso 

l^TMM^- K5JtJcM«^ 7 4 3S^O'2gtS^tlcM<SS 8 3 2 iC 

A. 7 9 BKAtl-^n^o ^ LT> K/-?X-7^ 7 9 ATti. <e 

/2 (Hz) *^3g^aJ$n^ s^iK^mns o A{c<fc<9. k^n°x 
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(Hz) fi5c^) ;6<^fcb$n> ?^SItttSf5 8 0 B{::J;^. /<>K/^°X7^ 
15 7 9 B{CT-en^"nmtti$n/i:±lfi^2lt^jizSil^fiSc^cD5tS*^"^ 

i#^i^?ij^l^fi£^^thxf-y :/) . c:®^ l#^jijg[ii:fi5c^:^tbXxy 
25 $n (Hi ?^jSt^t±iXf-'y > m 1 ^SEi^diX-r «y y-e^tH^n/cm 
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10 9J3/d:-5o 

lllKltJ:?i» ItUh-^. mmiti^ (2) . (3) 
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S:9-t^:»gP 2 4 0 *<. ^^^^tblffS 0 BT-i^t±}$n/-cm2#^i^-iK|j[ 
10 \.\ C C:T\ m^a^nSi^tii^ 8 1 B ^SS^tbis SOB 2 

mM:^^m^ihU8 1 B{rT1^til$n/c*S5^t^[M(cS-:3■^,^T. 

(2) . (3) ^m^^fzmwc^n) =^nuoztKj:^)±miim^m^ 
^SL^m^s 0 B(cT^t±j$ n/c^ 2 ji^i(^^©^s*^^>^ fiff^om 
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115 3 (i> *^B^Om3^»S{C;&^;6^57fefeillvXxA©;^^<&^ 
10 t-yn-y 05 2 {C^L/CTfefeiiv/XT^AilH^^^'i/XT^ 

A^^-naT-^oT. •M^Mctji-^^- K5JMiO|HlB#t-i5^{c 

15 ^Ttll? 6 a Cia5 3T-{i. PD (Photo Diode) <i:^^$nT^<^§] (C 

5 zx'ii. Rx <^:^^$nTl^-5) o ftfe::^(i^ ^^^^ttx. 

7 8 (1115 3 Tii. p Di^^^nri.^'S) {-A;'j$no/E^^$n 

20 $t>{C, (^7^117 8) -e2^iK$n^ ct'iMSfGVD (H 

z) K/<::^ 7>f 7 9 B (cA;^$nT*^b^ M^fcH^ 

8 0 A(CT^r^^M;^)^'^ai$n'5ii f pmd (Hz)© 

K^^°X7^ 7 9 BKAtj:^tiXi)^ih. ^«i^|±l^ 8 0 B 
{CTt^iJ'M^^^Hl^nS.o tUt>-^. ^ 1 ^jgi^fctSSB (5iJti^!ilS8 
25 OA) ^aiLyc±IB^ l#^|^^^||^f^^0^g(co^.^T©tffg^^r 
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infill? 2, icBm^l 3. ^^{=^7 7.. :^tJtM*Jil^S 7 1^^ 

7 8cDtts:^{i. ^^-ft^nr^^y K/^°X7^ 7 9 a, 7 9 B{c^n^' 

h^iz. C:n^>©tb;'J{i•?•tlen^ CPU 2 3 9 A. 2 3 9 B{cA:^$n 
Tl^^o CtlbOC P U 2 3 9 A. 2 3 9 Bti. m^'e^^m=^:m^\ 

25 
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$t><C. K5>t{(M{t^fcctt>'i&fi5>Sfcffi«§§«. CPU 2 3 

9 A, 2 3 9 Bizx<omm^nx\<^^ii<. c:ti{ci5g^,-r\ 

10 CPU 2 3 9 A, 2 3 9 BcDmtfCA/D'^^il ^D/A 

(D 1) ^3 nMff^sioii 1 mm(D^m 

(C^1-7t^Eitv/X7^A 7 0 A{i> 7feii<t«il7 2 <h> Tfe^ffm? 7 Ai*< 

?fe{EitigS7 3 <£r^^^LTg^)^^$nTfc^9. 2 a^^^ii 

fiiJ{C|gtt ^,nTl.^So COM^ta^-iJ'^SQ 2Ati. (PD) 
20 7 8 A, 7 8 B K^N'X7^ 7 9 B. 7 9Ai>^ft^aiS 

BOA. 8 0 B <!;^^^<£^Ti^fi5^$nTl,^So ^Cfc. J^^SIIJ^^^^^J <t L 
Tti. B (Gb/s) NRZ^t^©Ji^x f cvd =B (GHz) . f pm 

D =B/2 (GHz) T'cba*^. ztiinnom^m^^^^thT'^^o 
25 :^ft^n. -oiiifi-^^ cit^m^i 6) iiiioiioii^n-e'n. 



1 2 9 



wo 99/28723 PCT/JP98/05336 

3fe$ns mmi9:r-Mn£S*'i:^-SESf ovD . Ipmo (hz) 

KVn"X7^ ^UrJ' 7 9 B. 7 9 Ai'X. ^M'tl. ^fl^m'i&^}t!u^t)m 
m^nr^ §^JK^tB^8 0 3.8 0 A{cr*-r5'M;&^'^{±l^nSo 

ai?e^ 1 $ nr i,^ s c i tc 4' o 

t /c> El 5 6 {i*^B^©^ 3 mmmmom l ^ff^^lJ{::;&^;^)^a7fefeii■> 
10 CCDS 5 6c|3T% 115 5 <!: ID fe©{is |h|-* /i{i[5|;^4' 

Cttt?>o NRZ:^^®ii^. fcvD =40 GK z^m<m^\^ic, f 

PMD = 2 0 GEz^mf)<mAi^fi?>^oi^nmttni:^\.^o c:n{Cci;^9^ 
20 com 5 6 {c^-r^fti^tii^8 0 A. 8 0 B ©tti:^«^n^'ns C P 

U 2 3 9 A. 2 3 9 B i^lAtJ-^tlX^^ (^lUm^l) . cn^OC P 
U 2 3 9 A, 2 3 9 B*<^ 111 5 5 ©|H|B#^•^^iS^ffil^, ^^g^- 
fc©r#g|5SLOf&S5>iSc$iJ^«|5<hLT*ltfeLT> ^msSJcffilL^itg^ 
ifeM<I^8 3 i^iiSc*- K^tl(ffi{«l§7 4 <i:^7.f - y iJ'^imt -S 
25 <k 9 i-^A oTl^-So 
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T'*s^^^^g^i^<£< . m^ii. ^Wimmy r^^<^y T-(^<^'u-7^ 
^ b{c. iiM^- K5>t!cltmi§fcJ:«ft^t^cM{i^{i> C P U 2 3 

9 A, 2 3 9 B(Cct;«9$ij^$nTi/^5*^ cntcpgtj-f. mM^i&m^ 

CPU 2 3 9 A, 2 3 9 BOmmzA/D^^m ^D/A 

(D 2 ) m 3 mmmmom 2 mmmomm 

7 {i*^Bfl©m3||»SI©^2«^!|{C>6N;6>57fcfeii'>XT-A 7 0 B 
©•/n >y ^m-e^.a^^ 5 7 {C:^t^feii y A 7 0 B(i> pfe 

;^{tm7 2 ^^isUl 7 Bci:*^-7fcteiiS§7 3 <£-:fh LTg^gl^ tlTfc 



1 3 I 
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^^ami 7 B«> ^^^7 8 C^WL^ M'IIM€--i}'^S9 2 

/<> K^N"X7^ ^UrS' 7 9 A, 7 9 B<h. ?ift^tt5l5 8 0 A. 8 0 
Bi^W^^o li&iclS^^^lli LT(i. B (Gb/s) NRZff^Oii 
5 fcvD =B (GHz) . f =B/2 (GHz) -e^S^^ Ctl 

Isi^CDM^ffl C i ^ T' ^ 5 o 

^LT. S{tii{C:fcl^T. ft^7fc{i. 7fe^fta7 7 BF«3©g^f|7 8 

(i^n-?'~n> ^3t^7 8 A, 7 8 B{CfcH^T^7fc$n. 

GVDi fpMD (Hz) (D^^i^^^^ y\^^^^y^J\/^7 9 B, 

OB. 8 0 A{CT^-^ffi;&<^{±}$n^o ^ItlK X IQ ^ i^m^^ 1 t 

0 5 8 (i*f^|BJ©||3||^gBSiom2^Jg^J^Z;6^*^S7fefe^l'> 

25 C©E!5 8 {C^1-§^E^tb^8 0 A, 8 0 B ©|±l;/:{i'^n^'tL. C P 
U 2 3 9 A. 2 3 9 B(cA;^$tlTfc«3^ CtlbOC P U 2 3 9 A. 2 
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OT-*-5o 'e«J;t(i\ 4 0 G b/s NR Z:3^j!:0Ji^, f cvd =40 GH 
z ^m^<Wl^iZs f = 2 0 G H z =k 9 KMtU 

iS^i oTfe cfci/^o B#FHl6^{cM/j: f>/sv^J; 9 {c, b#3^^iJ6^{c 

$ bfc. K^t!(?i^»^SO'i^S5^i[MttS{i^ C P U 2 3 9 

25 A, 2 3 9 B«CJ;<9iiJta^nT<.^'5^^ Ctl{iPgb-f\ IslS^i^z^^^ffl 
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PU 2 3 9 A. 2 3 9 BOMmfC A/D^^^ (EI^^BS) ^D/AM 

5 

(D3) m^mmmmof^smmmom 

la 5 9 © m 3 mmmmom 3 ^jf^^ ij a ^t^ii -> x f a 
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So ^J;i{^\ 4 0 G b / s NR Z:;^^©1S^> f cvD =40 GHz 
;&N'^g/jN{c. f PMD = 2 0 GH z§^;g;&^'@:^fcn£S<fc9(c^Jfp-rn{i'cki«^o 

10 cki^^o 

^ M'/^^- K^fcffi{«f5RC;MS5^tJcM{if5li> C P U 2 3 9 

A. 2 3 9 B{Cc);«9$ijfP$tlTl.^'5*<. ZtH^m<hir\ mm^'i&^^m 

PU239 A. 239 B (DmWii^ A X D^^^ (EI^^iBS) ^D/A'^ 

n{c[5gt>-r\ 1115 3 ^1^5 b iZ)(^m-Ltz:&^(Dm^'e:^^m^^mir^ 



I 3 5 



wo 99/28723 PCT/JP98/05336 

(D 4 ) ^3 mmmmcom 4 mmmonm 

ttlt>h. come 0 {C;^^7fefe^i^XxA2 7 lAii. ^SiHTfeft^ 

10 ^fti^^Mi LT©7fe§ftl^7 7 i;<>^'^feiil?§ (aii|7 7^^<) 7 3^ 
i^LX^m^ntzh(DX'hho ^^^7 2. 7tii{ttl7 3, 

15 -tSClii-r-So 

M»jia^S 2 4 5 (i. m3ll^6BSi{c;6^;(>^s^t^c^im$^iio^l7 1 i 

|5]*i©t5®, t^lf)^. 8, K/N°X7^ ^UrJ' 7 9 A, 7 9 

B. ?il£^llifi8 0 A. SOB. /N'7pf-^iS^lsIgS8 2, ^g^S^M 
20 ^ta^SHJ^S 2 B<&^nc;t-5<i:ifc{c. ffi^M^Ji-fk^J^gP 2 4 6 a, 
2 4 6 b^^^j:x.Tagc$tLTl>;So CC-C\ ^7t^7 8. ^<yY^<7s 
1 9 A. 7 9 B, StS^aJllS OA. BOB. ^<y^'-:S^l^m 

[Hi?§ 8 2 . feg^MMMissiui^ 8 2 B w-en^'ti. ^ 3 mmmmiz 
^i:)^^h(otmm(DmmRzj^mm^'^t?>h<Dx^?>(Dx. mu^-M 

z<Dmi&mM.Mitmm^ 2 4 6 a. 24 e b(i'€■n-e■tL^ i/T^T-An 
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iKMMM^tUWU 246a, 246b ii^tim. y<'7 ^ 

^^mmtztthiz., mim&mih^ mmmm^s oa. s ob) 
mtu6j^oiz. ^<y/~^^^mw8 2. -/^^z^mmmmi^m^^ 8 

K/^°X7^ 2 7 2 a, 2 7 2 b , fe*iit^|n]j^ 2 7 3 a . 2 7 

3 b , i&.mW.mm^ 2 7 4 a, 2 7 4 b SLt/ffiJ^jgrnann^ 2 7 5 a, 
2 7 5 h^^ti^'cm^'^tlX^^?>c zni^<D^<y ^f<7sV ^ )\^^ 2 7 
2 a. 2 7 2 b. i$m)mM^2 73 a, 2 7 3 b. ■ffiii'/^^ISIg 2 7 

4 a. 2 7 4 bJ^O'MliMglHllfS 2 7 5 a, 2 7 5 b {i> ±IBOm 1 
^JIB,«Om5^?^^J{CT|{&B^L^^<> ^UiJ' 3 2, {SfflJtK 
0^3 3, iSj§^^jg^3 4J^O'iSiiM«SllI1^3 5 <h -etl^'nilli^nj: 

LT. MftSftii'fbfiilll^ 2 4 6 a, 2 4 6 b {i^ ^fefeiilgS 7 3 ^ 

fi^JMflns 3-e^x.^&s^M«fi&af{i&^- K^Miiiiii7 
4 -e#;i§iiMfiA T {c-en€nfgji& f o (h z ) -em/jN^ii^?T4' 
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4 6 a, 2 4 6 b{CJ;-S7^ - -y ^ *ij^®©;5-^{i. ±^EL/r^)©i 

20 tfta^mmi 5(Cj;{9lRl9tB$tiyi^fi^{i^7feS7 8{CT0/Egg 

^^tlT^^b 2 ^^'> KVn'X7^ 7 9 a. 7 9 BlZ^tl^' 

HAtJ^tl^o Ztiky(Dy<> K^^°X7 ^ Jl^ 7 9 A-^ti^ K 
X^iJ' h^Ucja©^ lil^^^^gjIJfgJ^^ CB/2 (Hz) gSc^J) ;6^^ai$n 

25 4'0^2#^Jl|-^i5j^5> CB (Hz) fi5c^) *^-=^t±i$n§ (#^liiSti: 
^^^tbXxy y) o m^^X. ^jK^dillS 0 A, 8 0 Btcj; «9> 

1 3 8 
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¥y<xy>( Jl^ 7 9 A. 7 9 B {CT^j±J $n/-c±fHm 1 #^JiMtS[fig^ 

-E-LTs ^N°7^-^!S^SiJip{t^;&^ Ii^l»ftii{t:»a5 2 4 6 a ©fi 
iiMgIlIgS 2 7 5 a<£r^LT7fe^{t^7 7 ic^t:^ K 

15 ©T\ B/2 (Hz) fiSc^4'©f 0 fi£:JJ^K^ISfiX^*^n£< /^a-S^^IrKc 

:^$n5o $ <hiz, i&m^M^m^2 7 5 a ^^^y -^n^mms 

20 |Hl^{c, M^«»^ii^k$iJ^gP 2 4 6 biCfc^,^T{i> ?if£^ttl^8 0 B 

ij^^oy^ 2i^'^^m.WL^^o:>^mz^^Mf&,mmt^^wm tfi^ 

25 2 4 5(CfcH>Ts aJi7feft■t^C:}o{:^^A:-x/< y Kx^^ h^H*"©^! 



1 3 9 
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M^MSji-fbSiJ^gP 2 4 6 a, 2 4 6 b <£r^/d:;iTl<^-5©T\ feii^t^ 
SiJ^I g »1 6lJ fc ^f 4' ^ s C i § s o 

(D 5 ) n 3 mmmmo^ 5 mmonm 

20 xA©1i^-C*S^^ C©E|6 1 {C^t^(tffliJ©^tfcfflm*im^a7 0 

' it. i y^^'mmmB 4 ^wi'-So ^©fte©^5©-c=. ±mitzi>(D 

25 -eMffl-tsniif'Sc 

c:©^'i' ^ yvmm^s 4 (i, K/^•X7^ ;Ui^ 7 9 A. 7 9 B© 
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7 0' {c*>i^T*>. H^^^EL^^3ll^6BSgtc*^*^-s5^tfcti«*^J1a^S7 

{CJ;^). 5fe{Eii'>X7^A 7 0' CD3fegit^t7 7 ©1ttg^Inl±^-ti:^ C i 
20 (E) 2|s:^BJ©^4|||S?g)ilCDU&B^ 
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X'ib^i)<. done 2 2 7 0 (i. ^irtnpmij^ 

^^mLfzB:^m^h {h / 4 0 Gb/s^ lOGb/s 

^) 07feiili->7.xATr*§„ c:©7fe<5illv/XxA 2 7 0 {i. %^%m 

t-^<i:^*>^ C©7fefeiii/XxA 2 7 Otis fEiil7fe^i^^:^{t-r-53§lft 
10 TOTfe^lim? 7 ij&<7fefeiil!?S (feii7 7^^<) 7 3<&/MTi^^$n 
^jifi^7 2> ^eitg§7 3 {i^n-e^tis ±iaiL/;:fe©<J:|l)j^/j:fe©-e 

15 7 4 ^^ile^gl?7 5 ch. ^^{tSI5 7 5 <h ^^^<£;iTlig!c^ tlTV^ §o 

K^tJ:*ifl!t^7 4 (i-en-enoT^ilT'^oT. ^:S^tS:MMfcJ:M 

iiM$iJ®T-^-5c);9{c/j:oT».^So U^. 5. ^^liSB 7 5 

t /-cs ^%^.mmummm. 2 7 1 %^^m 1 7 n<D%^m 7 5 
J;^?JJi9^il^tl/•r7fe^t^(csci■^,^T7fe^Eii^^§7 3 ^{^mt^itmmz^ 

liSiii^^- K^tS:©;K.«SO'-&S^i!c©t^fil^*r.^t'S tch ^{c. 
-e©^-iS'Mm{c;SL;T^i&*- K^i![M<tl5 7 4 RcX2gt:S5}ti:^i«^ 

25 8 3 ^$lJfPt-§fc©'e*(9s me 2(C;^-rcj;9(C, S7fef5 7 8, ^<>K 
^<xy^j\^^ (f e BPF) 7 9. ^S^til^S 0. Wik^- K5>Si: 
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i:^ ^ ho tm^(D hoi: 60 

- \'^^nmRu^-i&S:^WLm^^tiit6ho'c$>^o ^i^. zomi<^m 
i§-&M^{i> ^m^ommmm^^^m^ic^;c:■^{:xmMm^^n^h 

tbsu (m-m^e- h'^nm • -^s^M^tBsi? a 1 c ^ 1 <^^m^ 

^tJ:a^ttigi3 8 1 cizr^ih-^titzm i<i^mmmmj^^o^m<®iKX 
fc« • &s^tfe«^msi5 8 1 c tm^^mmmmik^w s 2 b 

S:^mm^2 4 1 a i LT^titg LT^,^ -So 
oTl,^-5o t-^J:t)^>. $iJtaSI1« 2 btLTl^So 
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M ' i&mH^mm^thm S l C ty<y -^WC^W 8 2 i*^ 
K^ti($iJ®g|5 2 4 1 b i LTiltlLTl^ao 

10 1 #^ii^M55-^^tb-r'5^ 1 #^jii-^s^c5Jc55-i^ai^ ( 

20 i^s^icM^iiigiJB 1 c tWiS:ii^mmmwtmm^ s 2 b) ch^-e^';^ 

Cn{C^^9^ 116 2 {C^t^4^^gJ^t|(C;i,^;^)^§^t^C^i^$|J^a^g2 

25 T^Tt^tlT^ SM{t^{cO/E^^$tlT/<> K^N°X7^ ^bil' 7 9 (C 
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X/<>KX^i}' h^U^'Om l#^Ji&^fi5c^ Cf e (Hz) i!}^ 
iizg^- K5>fc» • zg^fi^Ma^tiigBS ICfCfcH^T. 

So 4 O G b/ s N R Z:^^OJi^, f cvD =40 G 

H z ?fe;K*<@/h{;:s f pmd = 2 0 g h z ^mi)m-:kizt£ S 9 Kpm^ 
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15 iss^tit^M-r^<. z^s^jfciiiiig 8 3{c^^LT-/fi^s^tfcaijtai«^ 

^tJ:M{St$im^l 2 7 1«. ZOmQ 2 IZTTsirm&mtiim 8 0 
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$ ^>{c. imm^e- h'i^wi,mm^iSLai&S:^nmm^ii.. c p u 2 3 9 
A, 2 3 9 Bicx^mm-^nx\.^^ii)<^ zmzm^-f. mM^i&^^m 

PU239A, 239 B ©frj^tc A/ D^^^ (S^^iBS) ^D/A^ 



1 4 7 
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hL<\tni5'^. ^{t^^.O^ ■< I yyt&^},zm^^hm 

fi^fcLT^><J;^,^o lae z A%iMm(D% lu^m^ii^ii^^ 

5 ^{Ei@lv/Xf-A©7'n .y cose 3 {C^I-^iilifS^JISl 

10 /cfeiiigSB (b/s) (^ij;t{^ 4 0 Gb/s> lOGb/s^)©?^ 
{tS7fe{E;@l'>XxA 2 7 0 <^:J:bLT^ rJ'-T ^ y^^'tttllSPS 4*<^{tbn 

20 mfciEl^T^^*- K^itffi^I^? 4S:CK«S^tJ[?i{SS8 3 ^$lj^ail1- 
5t>©T•*f9^ 1216 2 \zmir^o\^. ^it^i 8 . K^n°7>7^ 
(fe BPF) 7 9> 3^a^tb^8 0. {iiS*-K5Jt5:fi-2Sig^tlC 
M^aiSUS 1 :^-^WL%m^Z 2. •/^S^tJ:lg{itS!S^ilBS S 

25 ClC-C-\ ^7fe^7 8. ?^;g^|ilf|8 0. -^|^^[s]i^8 2^^' 
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5 IJcfiX^ Cf e (Hz) ^^^tBt-BfeOT-abSo J^i^ix 

^bjc. mm^- i^'^^m ' i^^^nm^mms lau mmitzm 
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^rnt^tis gx<9tt5$tifc^ p «y ^m-^(i7fe^fim7 KD^^it^i etc 

tflt>^. fe (H z) fiJc^«Sm»{c|HlJfflL/c^^-e*§/::86. 

20 C0<t94'®fi!c{cJ:i9. m4||^feff^li0^1^JF^^?t|{;:;^)^;6^'5:^t^(^i{S 

X-rA 2 7 0 iJJS'lf^^OS/fWfrnc^bnSo 
25 ^aI^l7 lA{Ccfcn(i\ Btj;^L/-c^4^»lgOii^i(ll;|t0^iJ,:^;i)<t# 



1 5 0 
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( E 2 ) n 4 mmmmcDm 2 ^s^'j©iteB§ 
El 6 4 ti^^Bfl©^ 4 mmmm<Dm 2 «^^j(c;(>>;{)Ns^fe;@i 

^j:So tfit>-^^ ^ 3 llifeff^^©|| 4 ^JF^^ajfc^flSLTlI 6 0O5>fcffi 
Cfe BPF] 1 9iZ(D^iii:t]^n^^oiZti^x\i^?>tZ^it}<mfl 

10 -r^-t)*.. ZCOmQ 4 (;:^t7fefeit->XT-A 2 7 1 B (i. Tfeiiffm 7 

2. it^imi 7. TtfeiiSS (feit^r-f^^) 7 3^^UA.^li7!)^. % 
itM«$iJta^a 2 4 7 <£■^4';iT«^$tLT*5^9^ CO^icffi^S^m^ 
S 2 4 7 {i^ ^^§5? 8. /N*>.K/N*X7^ Cfe EPF) 7 9. 
?SS^thl58 0, -^IS^[nlg§8 2, •/Sfi^t!cM«Si5^[HlK 8 

15 2 3, m\tSMM\tmn% 2 4 6 a. 2 4 6 b ^A^Tlifijc^ tlTl-^ 
So CC:T'> ^3feS7 8, HVN'X7>f ^UrJ' 7 9, ^^J^tiJ^ 8 0 . 

/^°7y-^IS:^[HIK8 2. &S^tS:ffiM^^®gS8 2 B. ^N-^y-^ 

ISS[Hli2§8 2, MS^WM^Sagg 8 2 B, 2 
4 6 a. 2 4 6 b tt-€-n^'n> ±3^LycfcOi|l|ig|©iltl5tCKafiSc^W 

^JIS|iaJ 2 4 6 a, 2 4 6 bti^n^'tl. K/n°X7^ 2 7 2 a. 
2 7 2 b, >&M^mM%l 73 a, 2 7 3 b. f£MI&^|g|i 2 7 4 a. 
2 7 4 bS07fii^zSfiSlElK 2 7 5 a, 2 7 5 b *-e^£X.T«fi£$ nx 
l.^So C:n^)©^<y HVn*>^7^ 2 7 2 a. 2 7 2 b. fi^ffiJt^IUgS 
25 2 7 3 a, 2 7 3 b, ^fi)li^^f!ll^ 2 7 4 a. 2 7 4 b&O'fgJ^Mfi:! 
01^ 2 7 5 a, 2 7 5 bfi|s]gS3 5 (i. ±3^} Lfc fc© illicit ^>©^d:o 
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m^ir^s^t^t<. iyxfAmmmi^. mm^e-v^mmmm 
f e © n n o $ij I® ^ 3i ^ ( c B# 6^ ( c M ^T L T 9 . 1 4^ t) . 

25 Tfeii^a? 2*^^>ii^t$n/■c^Eiiii^B (b/s) ©Tfeft^fiTtfEi^gS 
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Cf e (Hz) 6Jc5>] i}mih^n6 (^mm'l&^^^iSki^XT-yf) o 

15 xSfi::l|n]g§ 2 7 5 a ^^Lr-^§:mm 7 7 F^JC^it ^.tl/iii^gt*- 

20 2 7 3 aiZ^?,iiLmmcomW^i^tl^^^<Dn^^^liit^ZtlZ^ 
oT. 3l@aA T*<iE^cDl^f■■n©:^lSI{c•rnTl.^S;&^;{)<^|^ISlJ$n'5© 

T\ B/2 (Hz) ^^43© fo (Hz) M^ii65c^*<^<£< ^j:a:^r[ni 

mti^n^o ^ bfc, fgj^z^asiaigs 2 7 5 a ^^'^^ -rj^^^iggs 

25 8 2 i)^ihO^<vM -'$'IStmmmm^iziS.mmm^^2 7 4 a;(>^^>0^£Ji 
(fo (Hz) ft^) <S:fi«LTai;^/Lri<>-5o 
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li^S*]tii'fl:^Jt2|l@|5 2 4 6 a, 2 4 6 h '^'tt£^r\^^ ?>(D7:\ feiipfefg 

i t i>{c. ^-/gt-t- K^t![J^azfitS5>tfc^M{t-r-5l^©7^ - K^^-;/ 
20 $iJiP*<ei&fi^{c?7^<i:;t 5 C i^&^-ei -5o 
(F) -€-©ftb 

L/c±3a! L/cm 3 ^jgff^tj&D^-^ 3 mmmBo^mmMt. m 4 

««CK{c^4^mff^B©§mff^^J©$ij®;5r}4(i. -(izS^- K^iii 
zS:S5>tJ[ i ©M;^*<|Hl-©$)j^SI^ 2 WSi^ 1 {C J; ^ fUjgi;^ i 
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10 mm=^m^Lxmm=^rr-^£'? z ti)<x^ 6o ttz. pjT^o^j^M^mo 

tt^/cfeJC. i$iJtlBli^2 i^ffl<?f^t>-a:TfcJ:<. tt. 

< $lJ^asi^ 1 i^^-^xm^ommmoiSi^om^mt'^K. umm 
m2^zJ^':>x^o&^i)^c,i^^:^n^tz^owmmm^t'oxhJ^ 

V^o Cnb<£rs M (1) , (2) {C^-To 
15 ( 1 ) r i A r c OPim 

^^x. z(Dj:.otimm'^mtmmit. mi 9, 21. 2 7~3o<c^ 

20 mmm2. x«> r «Mtaiii^2*^oA tc M^n^itK xa. it 
A Tc *^'■?■n■€=•n$li^^pB^2^ffl^<^sJ:9lcLT$lJ^a<£•^f/<f 9 ci hx 

^{c. mmmm2izx^x^(Dis:^^^ihmm^mmt6^dfimmmm 

^t^xh^^^o 

25 ( 2 ) a . /9 i A T c ©*Jta 
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mB^2 tzj^'^xmmm^^ibx\.^6i)<^ a, 0iimmmm2<Dttr' 
Arc f)mmmmi^m\'^zthx^?>o tt:. <mmmmnz^ 

RZfi^. OTDM^^lcJ^LTtif e=B (Hz) tfz. NRZ 
mm^tilriif e = B/2 (Hz) ^^fflLTl-^-So 

m 1 mmmmizxw^aMLtimmmmmmt irti. s 5 iz^.ti>(D<D 

6 5Kmt<koiZ. -H^^t'-AX:^'; (PB 

20 S : Polarization Beam Splitter) 4A-5^ 4A-6 RO'oJ^^jiji 
SI4 A - 7<&-€•^d:x.T^fiic$nTV^5o 

^ft§iJISP^4 A - 2 2o©aill^©iiffi^^- Kil4fi5c:^*<TE\ 
TM<i-^{C/d:-5 J; -5 (C^JiPt-S fcOT'*«9> 1 / 4 MS^K (A/4iK) 
4A-2K l/2feSM (A/2^) 4 A - 2 2 J^OfT ^ ^x- 
25 4 A- 2 3. 4 A- 2 4*>b^JiSc^nT(->-So ^^c^ ■(iz^e-Axy; 

iJ' 4 A - 5 (i. -(i&SiJ^II 4 A - 2 =^i\-LxAtl^tlfz^iE^^ 2 o 
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!9^ ■(S2!j^e-AX-/'J -yrJ' 4 A - 6 (i, ii?^ h'- A X 'J y ^ 4 A - 5 

fi:i3. mmm^A A- 2^mmt6Ti7^^jL-^ 4 a- 2 3. 4 
A - 2 4Rv^ajmytmmmA A - 1 (i. ^n^-ti/N'^^-^is^ini^i 

mmmmi^ 4 a' i LT(DSii$ijti«> 4 a - 2 r-omm:^ 

10 fSiso*nr^7feii@S4 A - 7-e#^§a5iM{c>(^LTif4'^n'Sc 
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^ ^ CD $Q ffi 

5 

rommt^ih. ^^(^m^mn^rTf£Dztiz^<o±td.^m^m^(Dm 
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6. feiilK (6 a ; 3) t LX (00:^7 r ^ ^<^^lX^^mi^Atl^ 
10 ^^^ai-r^B 1 #^iiifi^^65c:^^tllSP ( 2 a ; 1 2 ) 

mm 1 ^m^-mm^^mtii^ (2 a ; 1 2) (cT^tti$n/-c±ie^i 

a ; 1 3 ) 

mmi^&^Hn^ (3a ; 13) -e^|±} $ tl/c^^ 1 
15 0?^S;{>^>5:*^<!:y'j:SJ;9fC, |^feiig§ (6 a ; 3) O^ig^t- K^^ticfi 
<£-*J®-tSiiiS[^- Y^a^mmmm (2 2 O a ; 9 O) i^'€-J^i;ir^ifi)c 

20 ^mi#^ii&i^fi!c5^^ais (2 a ; 1 2) mmi^^m^mi^^^ 

25 fig^^tUSP (2 a ; 1 2) I^B 1 #^Ji?^IS:^5><h LT. f-y 



1 6 0 
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9. i^m^ (6a ; 7 3) t 1X0^^7 r ^<^ifi- LX^Hmi^Atl 

5 ^^^mtat^m 1 ( 2 a ; 7 9 A) <i:> 

(2 a ; 7 9 A) {CT^^tb ^ tl/c±fB^ 

a ; 8 0 A) 

itm^^s^tBsp (3 a ; 8 OA) T^^ih^titimm 1 i^^^m^^ 

10 ^©^Je7&<@;^inj:§J;9{C, (6 a ; 7 3) om^^- 

M<£-»t-§iSj^*- K^MJISlitR ( 2 2 0 a ; 9 1) t^^fl^^ 

^?-^aj-rS^2#^jl-^l^gg^^tilg(5 ( 2 2 2 a ; 7 9 B) 
15 tg^2#^j^-^|^rg^5>^tj[.g|5 ( 2 2 2 a ; 7 9 B) izxmtii^ntz± 

tern 2 #^j^-/^i^fig^©^«{;o(,^T®itii<^;^aj-r 2 ^«i^aisp 

( 2 2 3 a ; 8 0 B ) <h ^ 

|g|l2^S^tUg|5 ( 2 2 3 a ; 8 0 B) X^Oi^ tltzmm 2 
^^^(D^m^<m±XimA^tt£?>J:oiz. m^m^ (6 a ; 7 3) © 

20 mMi^w^m^mt^mSi^mmm (2 2 4 a ; 2 4 o) t^^ti^ 
iJf^5>^ai«B (2 a ; 7 9.A) mm i^mmi&mm^tiT. t-y 

25 h I/- h©l/2{cffi^-r^/ii^«^^^i±St--2>J:9{c=lifi!c$n^ici:^j 
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mm 2 i^mm-mwc^^^ium (2 2 2 a ; 7 9 b) mm2^m^ 

5 11. feiijg (6a ; 73) <!: LT©teii7 r LTS^ffiiJtcA 

iiCfi£5^^1^tlit-^^l#^iil)!Sli[g!c^;^tiJgp (2 a ; 7 9) 

mmi^mm-/&mm^^iii^ (2a ; 79) {cTi^j±j$n/c±iB^i 

10 0) 

ISmiM^!±igR (3a ; 8 0) T-^Jil $ tlfc^^ 1 tt^Ji&W^ 
(0^mmi^ttS.?><koiz. m^mm (6 a : 7 3) K55-ff 
«<^$lJlltS^-iSt- h'^mmm^ (220a;241b)i. 

15 im^l'^tfl^^'^K. i^feiiSS (6 a ; 7 3) 0-&S^t!t«^$i]®-r -5 

r^^^num^ ( 2 2 4 a ; 2 4 1 a) t^^fi^xm^^ntiz 

20 mm 1 #^jg^lfcfiSc^^th^ ( 2 a : 7 9 ) 1 ^^iiiSlfe 

LT. t'-y h I/- bXlit'y h I/- h© 1/2 {C|g^-r-2,]l|-&i^[ 

mm 1 #^jiMi[fiX^^tHgu ( 2 a ; 7 9 ) 1 n^mmm^^n^ 

tlx. e-y hU-h©l/2(C*@^-r§)i«<&!^{±i-rS<i;9{cm6£ 

25 ^tLtzzt^w^tt^s m^ommmi imM^mo^mmmmm^mo 
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1 3 . mm^'e- K^MJtagp C(220a;90), (220a;9 
1 ) . ( 2 2 0 a ; 2 4 1 b ) ] 1^^ 1 ^mmiiiM C ( 3 a ; 1 3 
), (3a;80A), (3a;80)} Tr^ttS ^tltzmmi <i^mmm 
mm^O^m^<^:Ktfl^^0iZ. mBm^ C Ce a ; 3) . (6 a; 
5 7 3 ). ( 6 a ; 7 3) ^-tf fClS:{t^>n/c^&*- K^tfeMfSSI C (7 
a ; 4) . (7 a; 4). ( 7 a ; 4 ) ) fc^ LT^i^t- K^iSj$iJ®I 

1 i^<D\.^tni)^-':^Kimo^nmmm^M.o 



10 14. mmm^- k^^mj®^ c c 2 2 0 a ; 9 0 ) . c 2 2 0 a ; 9 

1 ) , ( 2 2 0 a ; 2 4 1 b ) ] 

15 tcj;0> 1 ^«^tll^ C (3 a ; 1 3 ) . (3a; 8 OA). (3 
a : 8 0) D {CT^|±}$*l/•c±fBlll#^Ji^||^r^^©§iit*^b^ ±iE 

4 , 8 1. 8 1 C) 
^ii-^^r- K^fcM^tb^ (1 4, 8 1. 8 1 C) (CT!^|±i$n/::± 

mim^. mm-m^e- K^icM^I C ( 7 a ; 4 ) . ( 7 a ; 4 ) . 
(7 a ; 4) ) IzKilXtiitJt Z^<y / - ^l&m'SSi (15. 8 2. 8 

25 mcD^nmmmm^mo 
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^mmm^ii^^mtiit6md^mm-&^^^^ihm (i 2 b) 

mm z ^^m-i&mi&6^^iiti^ (12 b) (cT^tH^n/c±tB^3#^ 

)^•&l^^filc^05^Eico^,^T©mi^^^tlit-S^3^E3^lUSR (i 3 b) 
5 t^^ti^^tthic. 

I^MxS^-- K^tS:$iJfpg|5 ( 2 2 0 a ; 1 M) 

10 \zxi). mmi^m^thm (3 a ; 1 3 a) Rtj^mms^mmi^m ( i 

•rS^i^S*- K^tfefi^tbSB (14) t. 

mmt LT<D^<^ / -^mm^mt^^<y / -^nmmmim^. mm 
m^e- h'^nmmm (? a : 4) izidiri^tit^^^^ /-^i^msi^ 
(1 5) i^^4-;iT1ifi5c^n/cc<i:^#i^:^t'i.^ tt^oigami 3 

20 

1 6. ±ia/N°^y -^tf^g^, 2 o©^i^^- KPal^ji^a (At) 
±tE2^(Dmi&'e~ \i'-^0j/t^mo^mh (7) ©•? -^Oii^nc < <!: t — 
25 

1 7. i^/N'^y -^IS^a? (15) ±!afeiil7feft^®^fiffi<!:^i:^ 
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Sft^^fi (7) izi&i:^ i^tLtzmm.^- [''^nmmm (7 a ; 4) {c^ 

5 

1 8. my<y/-:^'^^^ (15) ±I2fei^7fe{t^^:l{it'5illft 

s^^M (1 OA) xii±mii:mitm^=&mitE^mt 6^mmm. (2 1 

1 9. (15) feiiK (6 a ; 3) ±®ffiit© 
teSfC^tf^tLfc^lfDis-^^- K^JUcffl^ISI (7 a ; 4) (C^^LT. 

15 2oo^M^-- K-^OTfe^^o^^-iKJt (r) ^^^-r-SZ-cJiom 1 ©/N° 

(7 a; 4B' ) J; «9 fc^litcSea ^ n/::^ 2 OiiiS^-- K^icMfKH 
(7a ; 4 A) LT^ ±fB2 o©^M^- KPslOii®!: (A r ) ^ 

20 n/iCi^^ifcitSs t»^©ISffl^l 4:SX{ift^©lBH^l 5^(c 

2 0. m^<v jt-^^'&n^ (3 7) ;i)^^>tii;'J$n^^^°7^-:^'^^$lJ^a 
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